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LAUNCHING A TORPEDO FROM A SUBMARINE 
A photograph taken on hoard a submarine by special permission of the Admit ally It g’ves an idea of the 

small space available within the craft. A torpedo may co^t £8,000, weigh four tons and contain one 
thousand pounds of T.N.T, {trinitrotoluene^ Its propelling engines are driven by compressed air. 
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FAMOUS AIRCRAFT IN THE STORY OF AVIATION 
(1) yVright biplane, 1903 (2) Blenot's monoplane, 1909 (3, 4) Biplanes of Crahamc-White, 1910, 

Faulhan, 1910. (5) NC 4, Newfoundland- Lisbon, 1919 (6) Viekers-Vimy : Atlantic flight, 1919. (7, 8, 9) 

Monoplanes of Earhart, 1932, Lindbergh, 1927, C. Kingsfoid-Smith, 1928. (10) Amy Johnson's Jcson, 
1930. (II) Winnie Mae, round-the-world, 1931. 
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MAKING AEROPLANES MORE DIFFICULT TO SEE 
The upper surfaces and fuselages of Royal Air Force bombers are spraved with patches of green and dark 
eaith colour, while their lower surfaces are finished in black to baffle searchlight crews. 


MAN RIVALS 

O N July 14, 1937, three Russian airmen 
landed in California afn r having flown 
non-stop from Moscow, a distance of 
SIX thousand seven hundred irules in sixly-two 
hours Their jouincy was not a stiiul, hut part 
of a survey of the trans-polar roule ovei which 
the Soviet Goveinmenl pioposes to operate a 
rcgulai service to the United States 

The Ihght took place less tlian thirty-five 
yeais after the ftrsl lully-controlled aeroplane 
flight was made, and only eighteen years alter 
British mails were carried by air lor the fust 
time So much has man achieved in the air 
since the beginning of the century that it is 
quite impossible to predict where he will 
stop 

The first powei -driven, man-carrying flight 
was made on Decembei 17, 1903, by Orville 
Wnght in a biplane made by himself and his 
brother Wilbur. The flight lasted no more than 
twelve seconds and only one hundred and 
twenty feet were covered, but three other flights 
were made on the same day, and in the last of 
these a distance of eight hundred and fifty-two 


THE BIRDS 

feet was covered in fifty-nine seconds. The 
•iir age, so anxiously watched foi, had dawned. 

It IS often said that the Wtight brothers do 
not leally deserve to be credited with the 
uixention of the acropl.ine, since though they 
made the fiist powu-diivin flights they weic 
ineiely applying sricmifu knowledge that oihei 
pioneers had amassed How far this is from the 
truth may be gathered from the brotheis’ own 
statement wiih regard to their position after two 
years of c.xperimtnt 

“ We saw,” they teU us, “ that the calcula- 
tions upon which all flying machines had been 
based were unreliable, and that all weie simplv 
groping in the dark Having set out with 
absolute faith in the existing scientific data, we 
were driven to doubt one thing aftei another, 
till finally, after two years of experiments, we 
cast It all aside, and decided to rely only on our 
own investigations. Truth and error were 
everywheie so inttmately mixed as to be 
indistinguishable.” 

Wilbur Wright tells us that he did not 
become actively interested in aeronautical 
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problems until 1896, when he read of the death 
of Otto Lilienthal, one of the pioneers of gliding 
He and his brotlier then began to read books 
on the subject, and it was only after they had 
made an exhaustive study of all existing 
theories of flight that they began practical 
experiments 

Seven years elapsed between the time of 



MIGHTY, POWER tN SMALL COMPASS 
Assembling a Bristol Bulking engine in the largest 
aeioplane Jactory It is at f illon, Bnslol 


Lihenthal’s death and the triumph of the 
W lights — sev( 11 years of cease less work and 
thought Olti 11 duiirig that periixl the biotheis 
were failed with dcspaii and on the point of 
giving up the snuggle 

One of the seveiest blows they received was 
the discoveiv Ih.it lalientlial’s theories wcic 
largely erroneous Wilbur was then driven to 
join the camp ol the unbelievers and say that 
though man would some day learn to fly it 
would not be m the lifetime ol himsell and liis 
brother But some irresistible foiee kept the 
WVights at thetr experiments, and Wilbur lived 
to prove himself wiong and to earn the gratitude 
and admiration of the whole world 

Since then a certain amount of reaction has 
come. At tlie time only the possibilities for 


good were visualized. Later the sinister side of 
flight became all too appallingly evident 

Orville Wright was born in Dayton, Ohio, 
U.S.A., m 1871, and he took to journalism at a 
very early age. At seventeen he w^as editing, 
printing and publishing a four-page weekly 
newsfiaper called the West Side News He soon 
found that no human being could keep on 
doing so much work single-handed, so he got 
Wilbur (his senior by over lour years) to come 
in as editor while he confined himself to 
printing and publishing. 

FINANCED BY BICYCLES 
The It'ist Side .Sews was not a spectacular 
tiiuniph Ncithci was an evi rung paper, nor 
Snap-Shots, a weekly magazine which they 
liroughl out in the autumn ol 1894, so when 
bicycles became populai they gave up publish- 
ing and ioimtd the Weight Cycle Clompariy 
This ventiiie w.is siiecesslul enough to enable 
them to spend time .ind money on then aero- 
nautical studies and (xjsenments Throughout 
the cruci.il .siscn \cais (\ti\ [xmiv llies could 
spare was put aside to p.i) I'oi jil.mi -building 
matciials They could nut affoid to many and 
ihct weic tveii lonttl to boiiow monev horn 
till ir sistiT, a SI hool-te.K In i 

Foi iieail> two )cars alter th.it Dttember 
day on whit h t lies h id m.ide iheir hi st sue t esslul 
flight the biotheis woikecl on almost unnoticed 
i\cn by their iieai ntighbouis 'riicii on 
Ditoliei ') 19u."), t| ev flew a distami ol 

21 J miles at a spcid of thiity -eight miles pm 
hour. 

EXPERIMENTING IN SECRET 
They tiiid to pieverit the public horn getting 
to hear ol this ai hievemeut beeausi they did not 
want then privar y to be disturbed by crowds ol 
people, but the news leaked out and thev were 
lorced to disrn.intle ihcir nmehine and retmii 
home '1 hey continued to exptiimtiit in secret 
while th(v negotiated with v.iiious govern- 
ments foi the sale of their invention 

Then, in 1908, Wilbur Wright took their 
latest ]jlanc, tht iVliilr Fhn, to I'ratuc and 
made a non-stop flight of 771 miles Up till 
then many people in Europe had doubted the 
truth ol the stones that had come across the 
Atlantic about the Wright brothers, but this 
exploit hnallv silenced the unbelievers 

Wilbui W light w'as not the first person to 
fly an aeroplane in Elurope ; this honour belongs 
to a wealthy Biazihan, Alberto Santos-Dumont, 
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GUARDING AN AIR LINER IN THE DESERT 
rhc Impel lal Aiiwaw Imei Hanno til Shanah, tm the Aiahian shore of the Pirsuiii Gulf, the last stopping 
plate on the C iindoit-Kuiiuhi loale The Hanno has a speed of one humhed and Jortv miles an hour 


who in Ndvcnihct, fl( \\ sc\cii hatulrod 

and twriils lid in 21', sciiinds 

SaiUos-l liiinoiil liad lx c unit muristod in 
at’i onaulK s as i .n K as 1891, and in dial vi at 
In \M nt to I’aiis to suids lialloons and aiisliips 
Ht li ul won a p eat irpntauon a,s an i xpoii- 
un nil 1 with 1 iu;!hm - lliaii-an nail when, ahimt 
a ycai alti i tin lust flii^ht ol tin \Vii[^lits, lie 
lidanu mil 1 ( sK il in 111 as i( 1 -than-an inailiinis 
I |) till till II Ilf li.id appall nth luin lonviiirtd 
that no 111 as ifi -ill 111 -. Ill iiiai liiiif t ould fly 
He pmdnrfd Ins fiisl jilanf in 190), but it 
ss'.i.s a lailuif, and it svas in Ins second plane 
that he fust .ulnevid success. 

LIGHTEST PLANE EVER ELOWN 

His louith machine, DenwiteUe. ss.is probably 
the lightest plane lliat h.vs cvci flown It 
weighed less than an ordinary motoi cycle 
and also cost less to build So flnnsily sv.as it 
put togethei that those vs ho sasv it in the an 
during Its fii-sl eight-mnnite flight in Seple rnber, 
1908, were cjiiitc unable to understand why it 
did not break m pieces. It would ccitainly 

M M —A* 


base done so with a heavier man Dumont 
hmisell weighed only one hundied and ten 
pounds sshile the pi, me sseighed two hundred 
and fills -nine pounds 

/I(;Hei;ie//( 's pel loi in.iiK i s s\ ( 1 ( i xcellent She 
could rise in the aii alter ,i inn ol only sixty- 
fise leet, .and was Cap.ibli' ot ovei sixty luilc'S 
pci hour 

FIRST TO A1TEMPT CHANNEL FIJC.HT 
(ireat Hrit.un had up till this time lagged 
behind .America and iiancc in .lei'on.iutical 
matters .About lour and .i half year s si par.ited 
the VViights’ initial flights fiom the fust heaviet- 
than-air llights osei Lnghsh soil Among the 
pioiieeis in England were S F Cody, born 
an Ainenean, and A A' Roe, both ot w'hom 
h.id made successful flights betoie the close ol 
the year 1908 

Lord Noithchffe had been an-ininded from 
an early date, and had already done much to 
stimulate English intere-st in aeronautics before 
he offered a prize of L 1,909 tn the first person 
to fly across the English Channel. 
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The first to attempt the Channel flight was 
Hubert Latham, a young Frenchman who had 
in June, 1909, remained in the air for sixty- 
seven minutes, keeping up a speed of forty-five 
miles per hour 

His machine was an Antoinette monoplane 
with an eight-cylinder V-type, 55 h p engine, 
which worked the two-bladed metal propeller 



REFUELLING IN MID-AIR 
An aeioplanv taking in flesh supplies of petrol and 
oil in the air. 


at a speed of one thousand one hundred 
revolutions a minute It had an extremely 
long fuselage, or body, vvith the wings well 
forward 

Latham took off from Sangatte, near Calais, 
at 6 20 on the morning of Jul> 19, 1909 The 
weather conditions were ext client, and )udging 
by the rnaehine’s pievious perlornianrcs theie 
seemed no leason why it should not icach 
Dover. 

A French torpedo boat, the Harpon, started 
out from Calais immediately after Latham’s 
departure to pick him up in case of accident 
At the same time the authorities in Dover, 
having been informed of the attempt by wire- 
less, sent out motor boats and a tug to meet 
the airman. 

The Antoinette disappeared in a bank of cloud 


some few miles from Calais There was a 
certain amount of suspense on the part of 
onlookers, but the monoplane was shortly 
afterwards seen again heading in the direction 
of Dover The watchers breathed a little more 
freely. Then it suddenly disappeared once 
more It had crashed into the sea 

The Harpon rescued Latham about seven 
miles from Calais He was none the worse 
for his experience, and when the rescuers 
arrived he was seen sealed on the machine 
calmly smoking a cigarette He had failed to 
cross the Channel but he had created a record 
by making the first forced aeroplane landing 
on water. 

NOT DISCOURAGED BY FAILURE 

This was a very coicsidcrab'e feat, and 
proved that Latham was a first-class pilot 
His engine had failed while he W'as travelling 
at foitv-five miles per hour, and all he could 
do was to glide down and hit the watei at 
as acute an angle as jio'sible. Had he bungled 
he would almost certainly have been drowned 
Latham's failure did not discourage him 
As soon as he was landed at Calais he set out 
for Pans and theie piocured anotlur aeropl.ine 
with whuh to try again But he was not the 
onlv Ficnchman who was dittrmined to win 
the prize At Bai.upies, a lew milts fiorn 
Sangatte, Louis Bleiiot was wailing lor a 
favouiable opportunity to take ofl 

Bh'riot’.s machine, a lour hundied and eighty- 
four pound rnonoplam, v\ith a three-t vhnder, 
28 h p Anzani tngiiie and a wooden piopcllci, 
had not long siiiee made a cross-countiy flight 
of twenty-live miles, and the aiim.ui felt con- 
fident that It would take him across the Channel 
il only he could keep the engine running 
properly 

Fl-YING BLIND 

He therefore spent several days tuning it 
up bclore ht detided to make the attempt. 
At 3 30 am on July 25, 1909 he tixik the 
machine on a short trial flight, and just over 
an hour later set ofl' for Dover. 

His plane wais not equipped with any naviga- 
tional instiurnents, so that after losing sight of 
the I'leiifh roast and the destroyer Escopette, 
which had been detailed to follow his course 
m case he should be forced down, he had to 
fly blind, with nothing to guide him 

“ I decided,” he said, “ that the best thing 
to do was to set my steeling gear for the point 
at wluch I had last seen the Escopette heading. 




HOW AIR-SCREWS ARE MADE 

Skilled mechanics of tomorrow being trained to make airscrews foi De Havilland planes The majonts of 
airscrews aie made of wood, aluminium alloy and duralumin , some weigh five hundred and forty-five pounds 


The flifl;lit coiUmued for about ten minutes with 
nothing in sight but sea and sky It was the 
most anxious pait o( the flight, as I had no 
certainty that my direction was coiiect, but 
I kept my motor working at lull speed, and 
hojn d that 1 would reach Dover all right I 
had no fear of the machine, which was travel- 
ling beautifully At last I sighted an outline of 
the land, but 1 was then going m the dircttion 
of Deal, and could see the long beach very 
plainly . I could have landed at Deal, but 
1 had started to come to Dover, and m,ide up 
mv mind to land there.” 

He landed in North Fall Meadow behind 
Dover Castle at 5,12 a m. 

CHEERS FOR BLfiRIOT 

The people of England and France went wild 
with excitement when the new's came through, 
and lor weeks after the historic day his name 
was on everybody’s bps. It certainly deserved 
to be 

One of the first to congratulate Blcriot W'as 
Latliam, who two days later made a second 
unsuccessful attempt to fly the Channel. On 
this occasion he came within a mile and a half 
of the chffs of Dover, only to be forced down 
again by engine double. 


In the following year a thrilling race took 
place between the Englishman Claude Orahame- 
Wliite and the Frenchman Louis Paulhan, for 
a /;■! 0,000 pri/e offered by a newspaper for the 
first flight made between London and Man- 
chestetr witliin twenty-four hours When the 
offer of this piize was first announced in 1900 it 
was greeted with derisive jeeis The idea that 
anyone could Hv from London to Manchester in 
twenty-four hours struck many people as 
ridiculous in the extreme It was “ tempting 
Providence,” and “ it couldn’t be done.” 

WRECKED BV THE WIND 

Grahame-White’s machine w'os a Farman 
biplane with a Gnome 50 h p rotai'y engine 
He took off from Willcsden Junction, in the 
north-west of London, shortly after hve o’clock 
on the morning of April 23, 1910, and two hours 
later had arnved at Rugby, eighty-five miles 
distant The airman rested for an hour and 
set out for Crewe. But by then a strong and 
unfavourable wind had sprung up, and after a 
Lttie while his engine started to give trouble. 
He was forced to descend at Lichfield, one 
hundred and seventeen miles from London and 
about sixty-five from his destination. 

There had been no improvement in the 
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weather, so all hope of completing the journey 
within the stipulated time of twentv-lour houis 
had to be abandoned Worse still, the following 
morning the plane was wrecked by the wind 
while on the ground. 

GUIDED BY SPECUL TRAIN 
Grahame- White rushed back to London with 
the damaged machine, intending to try again 
when It was lepaired. 

In the meantime, Louis P.uilhan had arrived 
in London with anothei Farman plane for the 
purpose of making a bid lor the prize 

Paulhan’s maclune did not reach his Hendon 
headquarters until the morning ol Apnl 27, 
but aitei having worked on it all through the 
day the Frenchman took off at 5 30 p in and 
made a non-stop flight to Lichfield His Lnglish 
rival, hearing ol Paulhan’s depaiture, humedly 
got out his Farman and siariecl in piireuii at 
6 30 pm on the same day I he newj soon 
spicad that there w.is an international air race in 
ptogiess, and people gathered in thousands 
along the line of flight to cheer on the two 
conipctitois 

'I he Frenchman had had to fight against the 
wind everv inch of the one hundied and 
seventeen miles to Lichfield “ Ihtie were,” 
he tells us, small, gusty puffs and tiicky 
currents, and it was somewhat difficult to find 


ju'-t the altitude at which they would bother me 
least . . 1 made uses and dips of as much as 

three hundred and twenty feet, always with the 
object of flying in the steadiest level ol air I could 
find It was cold, very cold indeed, and the 
wind bit into rny face ” 

He was guided along hts route by a special 
train which had a big white signal cloth 
floating from a compartment w'lndow of the 
rear coach. 

After he had flown for twenty minutes 
through a storm of rain, darkness descended on 
the airman I'hen he was vciy neaily overtaken 
by disaster 

WITHIN AN ACE OF DISASTER 
“ I saw the lights of Lichfiild,” he says “ I 
decided to alight in some conveimtit meadow 
beloie re.ichmg the town, and to do this 1 s.ink 
down to one hundied and filly led I was 
immcdi.ilcly above what looked like a l.irge 
lactorv with a chimney So, to alight safely m 
the field with no daniagi tfone, I made a 
fish-hook turn, and mv machine W'as now 
pointing towards London 

“ Suddenly iiiv niotoi stopped, (very drop of 
petrol exhausted, and tfu m.n lime swooptcl 
downwards .drtiost like ,1 sioiK dioppmg What 
should 1 do ' Beneath nu was tin Imweiy and 
a certain smash Behind mt was the naiiovv 



OIL SUPPLIES FOR A FLYING BOAT 

The Imperial Airways flying boats on the Empire an -routes are lejiielled from floating petrol stations, 
thereby reducing delays to a minimum. Here one of the launches is alongside an air liner at Southampton. 
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GALFS MADF TO ORDl R 

A vind Iiiiiiiel oj steel and reinfuued unuiete hr meuni of wliidi the ejjed of gales on an aeioplane or any 
o! Its pans niav be li sled The Ian has a diameter oJ thiits feet. 


hrkl wliirli was almost a s[)id('i's \\('b witli a 
mi sh ot tclcpaph wiics 1 had an imjx iti ptihlc 
h.ulioii ol a SI riMid in wlnrii to m.iki' i p mv 
mmd, and I diiid'd to risk I Ik idctpapli uirts 
As 1 sank I inadt a sliai p tWHt i lahl bai k on i hr 
hill III mv tom SI . and was lucks nionith to hit 
niysi If o\ ( r the w nrs ” 

About fiftrrri ninuitrs lieioir Pauliian landed 
satrlv at Lichhrld, his rival had hern iorced 
down near Roadc, I'llly-scvtn miles nearer 
London 

So determined was Gialiame-White not to 
allow hinisell to be beaten that he was up the 
nest niotning at 2 30 a m , and dawn had not 
yet broken W'licn his plane lose into the an. 
In doing so he made historv, because no man 
belore him had (vet taken olT in an .leroplane 
m the daik and it was legaidcd as a particularly 
ha/.ardous pioceidmg. 

Giahamc-White then found it impossible to 


distinguish ob)erts on the giound, and alter 
It.ivmg the lights of Roadc behind him he 
had nothing to guide him except the gleam 
from an occasional signal box along the railway 
line. 

Some miles short ol Rugby a goods tram 
cauglit liini lip and hi m.ide it his guide until 
daylight came But d.iwn did not jrat an end 
to his tioubles Un iht contrary it brought 
with It heice gusts ol wind which threatened 
to smash the tiail craft to piet es At 4 1-1 a m 
he was Iorced to make a landing at Polcsworth 
Although Graharne-W hite did not know it at 
the time, the I’renchman was then onlv twelve 
miles ahead ol him, and had only been m the 
air for about live minutes, minoi engine 
adpistmcnts having delayed his take-off until 
4.9 a m. 

Paulhan arrived at Manchester at 5 32 a.m. 
on April 28, having covered the one hundred 
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and eighty-three miles from London m a total 
flying time of four hours two minutes. Twelve 
hours, almost to the minute, had elapsed from 
the time he set out. 

The excitement created by this impromptu 
race had a very stimulating effect on British 
aeronautics 

Great disappointment was felt that the 



BREAKFAST ABOVE THE CLOUDS 
The service on long-distance ainraft is as excellent 
as that provided by luxury liners . 


Englishman had not won, but everyone agreed 
that Paulhan deserved his victory. When 
Grahame-White heard the news, he said to 
those who were crowding round him “ Ladies 
and gentlemen, the ,{^10,000 prize has been 
won by Louis Paulhan, the finest aviator the 
world has seen Gompared with him I am only 
a novice. Three cheers for Paulhan ! ” 

In October, 1910, six months alter the 


London-Manchester air race, it was announced 
that Walter Wellman, an American, had 
decided to attempt a crossing of the Atlantic 
by air. He proposed tp do this in a dirigible 
airship. The project was universally regarded 
as suicidal, but Wellman and his companions 
had the greatest confidence in their vessel, 
and they felt certain that unless all their luck 
was out they would win through. 

SHAPED LIKE A CIGAR 

The balloon of the cigar-shaped airship had 
a capacity of three huiidied and fifty thousand 
cubic feet, and a lifting power of six tons It 
was fitted with two engines capable of driving 
it at about twenty miles per hour Suspended 
fiom underneath the gangivay was a life-boat, 
ready for use in case the vessel should be 
forced down in mid-ocean, and the equipment 
included w'lreless transmitting and receiving 
appar.itus 

A unique feature of the airship was a device 
known as an cquihbrator, the function of 
which was to keep the vessel at a constant 
height above the water It consisted of a 
hundred - yard - long steel cable encased in 
cylindrical wooden blocks connected bv ball- 
and-socket )oints Its lower extremity was to 
trail on the surface of the w.iter, the theory of 
Its designers being that when the airship show'ed 
a tendency to rise the weight of the equih- 
brator would keep it down, and when it showed 
the opposite tendency the equihbrator, being 
buoyant, would prevent it from sinking too 
far. 

Wellman h.ad great faith m this devnee . 
indeed he reg.irded il as indispensable to success 

TOSSED ABOUT BY THE WAVES 

There were six men on board when the 
airship was towed out to sea off Atlantic City 
on October 15, 1910 Wellman himself. 

Captain .Simon, who was to act as pilot, a 
wareless operator, an engineer and two 
mechanics The only passenger was a black 
cat w’hich showed unmistakable signs of 
disapproving of the whole venture from the 
start 

A few hours after the moorings had been 
cast off one of the engines began to get over- 
heated. A brief examination show'cd that there 
was sand in its bearings. While this matter 
w'as being attended to the vessel drifted far 
of! her coursi' 

In the afternoon, owing to the expanding 
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CONTROl-ROOM OF AN AIR LINER 

A pilot being ihown the controh of a /rrit De HaviUmii maihme lilts plane is capable of two hundred miles 
per hour and ii used on Emopean routes. It can fly from London to Pans in sixtv-four minutes. 


tflect of til'" heat of the sviri on the t;as in the 
balloon, the airship licgan slowly hut steadily 
to use above its intended level 1 lie e<|uiU- 
biatoi, far liom helping matters, made them 
woise Tossed alxiut by the waves, it jeiked 
till an ship up and down sharply and iriegulaiiy, 
causing extreme discomlort to the crew 

As night descended and the air grew colder 
the vessel rapidly lost height. It was lound 
necessary to jettison part ol the fuel supply 
in order to prevent the airship from crashing 
into the sea, 

NARROWLY MISSED COLLISION 
By this time Wellman and his companions 
were beginning to feel that there was but 
slight hope of their getting to their goal, so 
that as soon as they sighted a ship they attempted 
to communicate with her. She was without 
wireless and did not see their signals. A little 
later in the darkness they narrowly missed a 


collision with a second vessel, which passed 
within a lew feet of the equihbrator. 

By ( ighl o'clock on the morning of the 
second day the an ship was about two hundred 
and fifty miles north-east of her starting-point. 

ENGINE THROWN OVERBOARD 

The sea was then veiy rough, and as the 
weather got worse ail hope of completing the 
trip was abandoned I’he airship kept plunging 
up and down in an alarming manner, and 
towards nightfall it was found necessary to 
unship one of the engines and throw it over- 
board in order to lighten the vessel When 
tins had been done the airship got completely 
out of control, and all night long it drifted 
before the wind. 

The crew were quite helpless. They had 
practically given up hope and were waiting for 
the airship to collapse under the constant 
buffeting of the elements when, with the coming 
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of dawn on the third day, they sighted the 
steamer Trent 

Their signals were seen. The Trent steamed 
towards them at full speed, while they began 
the hazardous task of launching the airship’s 
life-boat The equilibrator lashed backwaids 
and forwards, up and down, like a thing 
possessed, threatening all the time to smash the 



CONTROL TOWER, CROYDON 
In thi!i hiiilclin^ luc the looms Jiorii ssbnh oiinals and 
depailiiie.s oj act oplunes ate controlled 


boat to pieces, but alter a haul sliuggle all sl\ 
mernbeis of the cuw as well as the fuiry 
passenger succeeded in getting aboaid tin 
stcainei 

The aiiship, lelieved of its human and feline 
cargo, rose stiaighl up into the air, never to be 
seen again 

riie story does not end here The engineer 
who had constructed the an ship had so much 
faith in his design that he immediately set to 
work to build another I'liis went up in flames 
111 the course of tests, burning its cieator and his 
four assistants to death Such was the tiagu. 
end to man’s first attempt to conquer the 
Atlantic by air 

When, thicc years later, a London newspaper 


oflered a prize of £10,000 to the first person to 
make the direct Atlantic crossing Ixtw'een 
Newfoundland and the British Isles, all the 
aeronautical experts were agreed that it would 
be many years before aircraft w'ere sufhciently 
developed to achieve this Icat. T'hey i eckoned 
without the World War 

When hostilities broke out in the late summer 
of 1914, all the belligerents recognized m the 
an oplane a most valuable fighting arm and 
they set to work feverishly to improve it By 
1918 acionautics had piobably developed 
liirthei undci the stern tutelage of conflict 
than they would have done in twenty years of 
peace 

REGARDED AS DANGEROUS PLAYTHINGS 

In 1914 the general public still regarded 
aeioplancs almost in the light of daiigeious 
playthings Only the .initiated .iiid far-seeitig 
had an\ leahzation of then enoi moils poien- 
ti.ilities, both civil and militaiv I'oui vcais 
l.ilei even the least iiTi.ii>ni.ttive and most 
unthinking people wtie avvate ol the iiiiphta- 
tioiisol man’s conquest ol theaii 1 heat loplaiie 
pla)<d an inipoilant p.nt in lilt vnttoiy ol the 
Allies 

When Biitain dt'tlaied war hci an atm was 
cMienttlv wtak in coinp.ii isoti with thost of 
I'l.inct anri (jtiiiianv She hid lewtr lit. in tine 
huiidud St I s n t ablt plain s, w Ik le.is 1 i.int t had 
out thousand five htindittl imlitaiv .ind live 
huiulud civil plant's, and (jtiin.inv had tine 
thous.ind govnnnit ni-ow IK d .intl loin hundied 
and hitv piiv.iltly owntd atitipl.ints as well 
,is abtnit ftiitv airships, nu hiding touiiecn 
Zepjiclms. 

AIRCRAFT IN THE WORLD WAR 

The Biitish miht.ny authoiities onl\ began 
to appreciate the value of anciaft whtn, dining 
lilt ietre.it I tom Mons (August 2 5-99, 1914), 
ieeoiinaiss.inte planes weie ahli to inloim Sir 
John iTtrith ol the retiiernent horn Ins right 
fl.ink ol the Fiench ,\rmy Had the British 
commander bet n foired to wait until this news 
had been di liven d by cavalry scouts, \'on 
Kluck would almost certainly have suecetded 
in encircling his foiies. 

At the oiilbrrak of war the CIcrmans held 
both the long-distance record (one thousand 
one hundred and seventy-eight miles) and the 
endurance record (twenty-four houis twelve 
minutes), and lor the first eighteen months of 
the touliict they were supreme in the air. 
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PI OTTING THE POSITIONS OF El YING PI ANf S 
A)} uctodiome olJuial coiitiolliiig the arnvals and departures of plane', i/i the control room at Cro\don Airport. 
The flags on the chart math the position', o! planes on their wav to and from the Continent 


I’hmalioi Biitisli pilots and Butisii machines 
graduallv w listed llie control oi tie’ an Irorn 
them The Royal l iving Cloips, hisi loiniid in 
l‘)12, had levsei than two ihoiisand nil n of all 
ranks in Auffiist, 191-1 U the end ol the wai 
Its jiei sound numbered ihiec hnndied thousand, 
with inou than twtntv thousand inachiius 

SPOITINC; ENEMY SUBMARINES 

Latgc -scale aeiial boinbint; took place loi the 
hrsi tune on August 29, Hll-l, when the (lei mans 
loosed death and destine tion on Clompiegne 
Ihiee months latei a trio of British planes flew 
to 1' lit dnehshafen, on Lake Clonst.ince, in an 
atti iniJt to bomb the /.eiipehn woiks there 
The seaplane pioved invaluable lor naval 
reconnaissance woik and lor bombing sub- 
niaiities The Biitish fleet oil Jutland got its 
fust news of the position ot the enemy' Irom a 
scouting seaplane, and in the last year of the 
conflict Biitisli naval planes spotted one 
hundred and twenty-six submarines, ninety- 
three of which they were able to attack 

Haidly had the Armistice been signed before 
air-minded people in Great Britain and America 


liegan to work out pi, ins for the conriuest of the 
Atlantic — the pioject which less than half a 
dec .ide b* loi e had lx cn 1 1 gai ded as unthinkable 
for very m.mv yeais to come 
The United States naval authorities were very 
keen to win the honour ol being lirst ,icross the 
Atlantic, .md thev set about tlie project in a 
business-hke .md scientific manner The route 
they chose was iiom Newfoundland to Lisbon, 
by w'ay of the A/oies, a distance of about two 
thousand two bundled miles 

CONQUES'I' Oh THE ATLANTIC 
Three Navy (aiiliss biplanes — A'b 7, JVC 5 
and A'C' 4 — weie commissioned to undeitakc the 
attempt Originally designed as homb-cairvmg 
seaplanes, the machines were each divided into 
six w'ateitight compartments, housing navigaloi, 
pilots, tuei and oil tanks, and wireless operator 
bach had lour 400 h p. Liberty engines, any 
three ol which w'crc sufficient to keep the plane 
in the air. 

Fully loaded, and can-ying one thousand 
eight hundred gallons of petiol, each plane 
weighed twenty -fight thousand five bundled 
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{Kjundt Earh had a wing spread of one iiundred 
and twfnty-si\ feet and an oveiall length of 
68J Icct Their carrying capaeity may be 
gauged Irom the fact that the J^C 1 had on 
her trials made a flight with sixty-one people 
on board. This was in November, 1918. Ten 



INDIA’S AERIAL MILESTONE 
This milestone at Karachi is one of the first of its 
kind It was erected in 1930. 


years elapsed before this record was broken 
The course to be covered by the flying 
boats was patrolled by ships of the American 
and British navies between Newfoundland 
and the Azores there were twenty-one Ameri- 
can destioyers, at intervals of sixty miles, and 
between the Azores and the coast of Portugal 
watch was kept by the British Despite all the 


precautions taken, only one of the planes, 
the MC 4, got through 
JfC 1 came down two hundred miles west 
of the Azores, where she was abandoned after 
the rescue of her crew NC 3 lost her bearings 
two hundred and five miles from Ponta 
Delgada in the Azores, whither she taxied on 
the water to the islands. 

The successful plane, under the command 
of Lt -Comm A. C. Read, left Newfoundland 
on the night of Mav 16, 1919, and reached 
the Azores shortly after noon on the following 
day, having covered one thousand three 
hundred and eighty miles in 1.5| hours It 
remained here lor ten days, after which it 
set out for Lisbon, eight hundred miles away, 
arriving there on May 27. 

PRESUMED LOST 

On May 18, two days after the American 
trio had set out from Newfoundland, two 
Englishmen, Hariy Hawker and Kenneth 
Mackenzie-Giievc, took off iiom St. John’s 
in an attempt to win the /'1 0,000 prize for the 
first direct Atlantic crossing Their machine 
was a specially built Sopwith biplane with a 
350 h p Rolls-Royce engine and a weight of 
about five thousand pounds 

For eight days aitei the aircraft had taken 
off nothing was heard ol it, and it was presumed 
that the crev\ had iieiished, but on May 2() 
it was announced that they had been taken 
out of the waiei one thousand miles e.isl of 
Newlouiiclland on May 19 by a Danish vcs.sel 
which h.id no win less ecpigiment 

The news that they weie still alive caused 
extiaordinary excitement in Britain They 
weie decor.ited bv the. King with the Royal 
Air Foice Cross and received a consolation 
prize of /^5,000 

FIRST DIRECT ATLANTIC CROSSING 
The ;{^10,0(Xf piize was finally won in the 
following June by Capt John Alcock and 
Lt H Whitten Brown, who crcissed from St. 
Jcihn’s, Newfoundland, to Clifdcn, Ireland, a 
distance of one thousand nine hundred and 
sixty-three mtles, in fifteen hours fifty-seven 
minutes T heir machine was a converted 
Vickers-Vimy Iximbing plane with the military 
fitments removed and with additional petrol 
tanks. Power was supplied by two 350 h.p. 
Rolls-Royce engines, either of which was 
capable of keeping the plane in the air alter 
half the fuel had been used up. 
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FIVE AIRSHIPS THAT MADE HISTORY 

iVellimn'^ atnhip failed to tioss the Atlantic in 1910. The Biitish R .14 succeeded in 1919, and was followc I 
by the Oermaii Graf Zeppelin and Hmdenburg The Norge n-ached the Nmth Pole tn 1926 


For the first seven hours of the flight the 
fog was so thick that neither sea nor sky wa' 
seen, and the airmen had scry great diffiriilty 
in keeping to then course Moie tli.iii once 
they iieail) crashed into thi water, sleet and 
snow having added to then dillicuitics 

LANDED IN A BOG 

After flying hhiid lor a long time tliey sur- 
c ceded in fixing their position as near the 
coast ol Ireland A little latei the wireless 
masts of Clilden came into view They urtlc'd 
round these firing off Very lights in the hojre 
of atfiacting attention, but no one noticed 
them and they were forced to seek a landing 
ground unaided. 

Some little distance away they saw what 
they took to be a pleasant meadow, and there 
they decided to land, discovering when they 
had done so that it was a bog Serious harm 
was done to the plane, which dug its nose into 
the ground, but they themselves escaped with- 
out injury They had made the first direct 
flight across the Atlantic. 

Alcoi k and Brown were knighted, and their 
plane, having been piescnted to the nation by 
its makers, was placed m the Science Museum, 


South Kensington, where it may still be seen. 

Alcock, who was only twenty-seven years of 
age, did not live long to enjov the Iruils of 
his magnificent achievement Shortly alter 
he had been kiiiglited, the plane in which he 
was travelling to Pans made a lorced landing 
m which he was fatally injured He died on 
Decern bei 18, 1919 

The Atlantic had now been crossed by 
both an aeroplane and a seaplane • it was 
crossed by an airship between July 2 and 
July b, 1919 The 3-f, as this hghter-than- 
air cralt was called, had, vvith her sister /I ??, 
been designed to niak' air attacks on Berlin 
She was undergoing her trials in November, 
1918, when the Armistice was signed. 

TRIUMPH OF "R34” 

i? 3^ had a length of six hundred and forty- 
three leet, a diameter of eighty feet, and a 
capacity of two million cubic feet. Her fiv'e 
Sunbeam engines weie capable of driving her 
along at sixty miles per hour in still air. With 
a furl capacity of fifty -six tfiousand seven 
liundrctl gallons of petrol, she had a cruising 
radius of five thousand miles and was able to 
attain a height of foui teen thousand feet. Her 
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eighteen gas bags gave her a lift (including 
crew, stores, cargo and fuel) of thirty tons 
Every possible precaution v/as taken to 
ensure that she would make the passage 
successfully. She was equipped with two sets 
of navigational controls, long-range wireless 
apparatus, electric lighting and telephones. 
Two battle cruisers, Tiger and Renown, were 
stationed in mid-ocean to supply the airship 
with information about vseather and to provide 
assistance should she get into difficulties 
The main object of the flight was to collect 
information about atmospheiic conditions over 
the Atlantic, in view of a proposal to run a 
British tiansatlantic an ship service 

R 34 took off from the Fiith ol Forth in the 
early hours of July 2, 1919 'J'he first hours of 
the voyage were among the most anxious ol the 
whole trip Much fog was encountered and it 


was impossible to raise the airship to an altitude 
of over three thousand feet, because of the heavy 
load of petrol. But once the mountains of 
Scotland had been safely left behind, the crew 
were able to breathe more freely. 

Trinity Bav, Newfoundland, was sighted soon 
after noon on July 4, and in the early morning 
of July 6 the coast of Massachusetts, U.S.A , 
came into view 

On the previous day the airship ran into a 
heavy thunderstorm and was subjected to a 
very severe buffeting, during which one of the 
engineers nearly lost his life He was lying, 
stretched out flat near the drogue h.vtch, an 
opening in the bottom of the airshiji, when the 
vessel Suddenly pitched forvvaid, sending him 
huithng towards the oiieniiig Bv gieat good 
luck he was able to hook his foot round a 
girder, thus saving himself from a watery grave 



EMERGENCY LANDING GROUND IN SANDY WASTES 
For untold centuries the camel has been patiently plodding aenns the sandy wastes of the East, Today swift 
aeroplanes wing their way ac/oss the deicrts that were once impassable without the camel. 
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THI-SF CRAFT CLIMB TFN THOUSAND FEET IN EIGHT MINUTES 
A fiifilit of Hawkei Hurf, over the ^ated Koh Range between India and Afghanistan The machines are single- 
motor honiben wnh a speed of one hundred and etghty-Jour miles an hour. 


It h.id btcn originally planned lhat R 34 
should circle oven New York helore landing, 
but since at the tune the Ainei lean toast was 
sighted there was only inougli luel lor aiiolhet 
live hours’ flying, this piO|(it was abandoned 
and the airship was taken siiaight to RoostveU 
Field, L.iiig Island, where she tied up at 9 20 
a 'll on July G 

COIXIDLD WITH A HILL 

Only folly ininuUs’ supply ol luel remained in 
hei tanks when she came to ic si Slit had covered 
tliuc thousand two hunched miles in one 
hunched and eight hours twelve minutes, giving 
an avi lage speed ol 33^ miles per houi 

Her leliirn jouiney, begun at midnight on 
July 10, was completed m the remarkably good 
time ol seventy-five hours 
(heal things were expected ol R 34 after this 
double crossing oi the Atlantic, but her life 
was short In January, 1921, she came into 
collision with a Yorkshire hill, and though she 
afterwards succeeded in reaching Howden 
Aerodrome slie collapsed there, becoming a 
total loss She was not the first ill-fated lighter- 
than-air wondei, and the proposed British 


transatlantic airship service did not materialize. 

riie niiist spectactilnr of all eaiher Atlantic 
(lights w.is that ol Claptnm Chailes Lindbergh 
on May 2d, 1927 He Ikw non-stop horn New 
Yoik to Fans, a distance of llnie thous.md six 
hundred miles, in 31^ hours, theicliv winning 
the Orteig Fii/e of twenty-five thousand dollars 
(/'j,000). T'hts pri/e was fust offered (>n 
M.i) 30, 1919, and the fact that eight years weie 
allovs'cd to elapse beloie it was claimed sjieaks 
volumes for the dilTiculty of the enterprise 

DISAPPEARED IN THE MISTS 

More than one an man had tried to capture 
It, but noiit had come within measurable 
distance ol success '] ht first attempt was made 
in September, 192G, by Renci Fonck in a 
Sikoisky machine He was only in the an for 
a inaltei ol sceonds because his heavily-loaded 
plane lelused to take off piopcrly, and in the 
ensuing crash two of his three passengers were 
burned to death. 

Barely three weeks before Lindbergh started 
out on the great adventure the French airmen 
Charles Nungesser and Frani^ots Colt, bent on 
captuiing (he Orteig Pri/e, had disappeared 
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into the Atlantic mists, never to be seen again. 

Charles Augustus Lindbergh, aged twenty- 
five, ex-stunt flyer, ex-service pilot, ex-commer- 
cial flyer, had landed m New York on May 12 
after having broken the transcontinental speed 
record in a two thousand five hundred mile 
flight from San Diego, California. 

When he arrived at Roosevelt Field in his 
Ryan monoplane, Spmt oj St Lotus, he found 



EYE OF THE ROYAL AIR FORCE 
Army observation planes carrv cameras which are 
operated bv men in the cockpit. 


that two other machines were being prepared 
lor the attempt on the prize They were tht 
Columbia, a Bcllanca monoplane, and the 
America, a triple-motored Fokker monoplane, 
whose crew was under the leadership ot 
Commander R E. Byrd, ot the United States 
Navy 

The presence of three competing machines in 
the field increased public interest in the project 
The question ol who would “ make it ” first 
was eagerly debated both m the Press and in 
the streets 

Lindbergh’s chances were regarded as very 
slight In the first place he had the reputation 
of being a very daring, almost reckless pilot. 
Was he not nicknamed the “Flying Fool”? 
In the second, his plane was generally regarded 
as unsuitable for the flight In the fitting out of 
the Spirit of St. Ijtuit the main consideration 
had been the saving of weight so as to allow as 
much room as possible for fuel It weighed 
five thousand one hundred and thirty-five 


pounds, carried four hundred and twenty-five 
gallons of petrol lor its 225 h.p. Wright Whirl- 
wind engine, and had a wing spread of forty-six 
feet. 

Its one and only motor was air cooled, since 
a water-cooling system weighs a good deal. 
There were no special navigating instruments 
such as were regarded by many as absolutely 
necessary, and there was no wireless Most 
impoitant of all, there was neither navigator 
nor mechanic • the trip was to be made solo. 
People shook their heads “ That silly boy 
ouglit to be stopped,” they said The tall 
lair-haircd airman with the intense blue eyes 
smiled quietly and went aliead with his 
preparations. 

ICE ON THE WINGS 

When, at 7.52 am on May 20, 1927, the 
Spirit of St Louts rose slowly into the air from 
Roosevelt Field, many of the onlookers thought 
they had seen the last of both plane and pilot 
From the point of view of common sense they 
were justified — if his single engine failed only 
a miracle could save him — but Lindbergh had 
the pioneering spirit, and pioneers cannot 
afford to pay too much attention to common- 
sensical considerations. 

Except for shoil spells of rain and mist, the 
weather conditions wcie fairly good until he 
reached Newfoundland About an hour’s 
journey from St John’s the plane ran into a 
bank ol thick fog In an attempt to get above 
It the airman took his machine up to a height 
of eight thousand feet, but then ice began to 
form on the wings and he was forced to descend 
again almost to sea-level. When he got through 
the log, after leaving St John’s behind, he had 
covered about one thousand miles m ten hours 
He had still two thousand six hundred miles 
to fly, two thousand over water. 

SIGHTED BY A LINER 

When he was five hundred miles from the 
coast of Newfoundland he was sighted by a 
liner which immediately broadcast the news. 
On the evening of the same day (May 21), 
he was seen flying south one thousand feet 
above the coast of Kerry, Ireland. 

At about 7 50 p.m. the Spirit of St Louis 
left the English coast behind and forty minutes 
later passed Cherbourg. 

By this time enormous crowds of people 
had assembled at Lc Bourget in the hope of 
seeing the “ Flying Fool ” land. It was only 






AUTOGIRO PLAYS THE PART OF POSTMAN 
A Ctcrva autogiro picking up mail hags mthoul landing It is anticipated that when the autoguo principle has 
been fully exploited planes will be able to take Ojff and land vertically 


•ri “ hope,” for even still most people could 
not bririt; themselves to believe that a seilo 
ail man, flying a single -i tigiiK'd jilane , Coulei 
Cover thiee theiusand si\ hundred miles without 
itiislnp Ihere weie those who teared that 
elis<ister would come at the last mome m —that 
the cumulative effect ot more than ihiity hours 
ot reaseless vigilance at the eontiols might at 
any moment overwhelm Lindlicigh Even il 
he reached Le Bouiget would he be able tei 
land pieiperly^ 

NEARLY TORN TO PIECES 

When night came on searchlights began to 
sweep the sky and rockets were hred into the 
an 'I hen at ten minute s past ten the hum 
ol an aeroplane engine was heard m the 
distance The crowd sent up a cheer and 
then relapsed into complete silence Perhaps 
It was not Lindbergh alter all ' 

But It was A few minutes later the Spttit 
of St Louis came into view, and after circling 
the flying field three times made a perfect 


landing Hardly had the machine come to 
list before the crowds, sweeping aside the 
live hundred police and soldnrs who had bten 
di tailed to keep them back, surged iorwaid, 
and pulling Lindbergh out of the cockpit 
nearly lore him to pieces Rifle butts had to 
be used on the moie ardent hero worshippers 
before they would permit the airman to 
escape 

Never, in recent histoiy at least, has anyoiii 
been so enthusiastically received Utterly 
exhausted is he must have been by the thirty- 
thiee-hour ordeal through which he had passed, 
he was not permitted to go to sleep until about 
4am, five and a half hours after landing. 

DECORATED BY THE KING 

In Pans, the President of the French Republic 
decorated landbergh with the Legion of 
Honour, in Brussels, the King of the Belgians 
presented him with the Cross of the Order of 
St Leopold, in London, he received the Air 
Force Cross from the hands of King George V, 
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in his native land the Government saw fit to 
award him the Congressional Medal, than 
which there is no higher honour in the gift 
of the President In addition he was made 
President of the International Trans-Occanic 
Pilots’ Association, given the Hubbard Medal 
of the National Geographic Society and a 



PRESSURE-TESTING CHAMBER 
In U inslrumcnli ate tested under air-piesmie 
conditiom nmtlai to thoiC at great hetghn 


;r5,000 Peace Prize from the Woodrow Wilson 
Foundation 

Those who had witnissed Lindbergh’s Pans 
reception thought that u would have been 
irn|)ossible tor enthusiasm to go to gi eater 
lengths They were mistaken Tin Paiisians 
at least allowed the an man to land when he 
washed to do so, but the Londoners, gatlitied 
at Cioydon a few days later, were too excited 
to permit him to do so So mut h foi British 
phlegm ' 

Just as the shining monoplane was about to 
sw'oop down on to the airfield at Croydon 
the crowd smashed through the barriers and 
swanned over the tiiif Lindbergh noticed 
what was happening |ust in the nick of time 
and sent the Sptnl oj Si. Louis i oaring skywaids 
again. 


He circled around until the officials had 
cleared a narrow lane amidst the surging 
crowd, and then swooped once more to make 
a beautiful landing Hardly had the wheels 
of the plane touched the turf before the crowd 
began to rush hysterically across its path It 
seemed then that a terrible tragedy was about 
to occiii , that nothing could prevent the plane 
from luiinmg into a mass of people. 

LINDBERGH'S SUPERB SKILL 

Then Lindbei gh gave the onlookers a practical 
demonstiation of his wiz.lrd-likc skill at the 
controls Without hesitating for a moment — 
that would have been fatal — he opened u)) the 
throttle, pulled back the stick and sent the 
plane zooming above the heads ol those it 
had so naitowly e'^c-aped killing The crowd, 
having leaint its lesson, then permitted him 
to land. 

On Ins return to America, the flier was 
feted, diet red and mobbed lor iiionths It u-. 
said that hi received thiougli the jiost about 
tltiee million five hundred thousand letters and 
packets, including thousands ol ofTiis ol mai- 
riage anrl a lumiher ol invitations to tiavcl to 
the moon by i ot ket 

The ( xiraoidinnry wav in which Lindbergh 
w.is til. aid both in Luiopi and Amiiiia was 
due to .1 number ol causes Fust, the flight he 
had made was without ;m\ doubt a itwgiiilic t lit 
achii VI merit .Sei ond, LindlKigh himsell, so 
good-looking, so ih'iriniiig, so st ll-possi ssi d, 
so t.ipable, and withal so modest, siiddinly 
came to svmlioli/e in the minds ol ni.inv tin 
spun ol .uKintuie tliat possessed Airiiiic.i 
tliat li.id made Anieiica give birth to tin 
.leroplaiK and that was now putting hi i far 
ahead of .ill other nations in aeionautical 
mattcis Tilt ciowds weic doing homage not 
only to a man but to a nation 

SPEC TACULAR BUT .SANE 

Fuitlur th.in this, the spectacular nature of 
the “ Flying Fool’s ” achievement jolted people 
out ol their habitual iridifiercnce to the work 
of pioneers Tin v beg<in to see visions of the 
immense possibilities ol the .leroplane to look 
forwaid to the day wlieri ordinary people 
would breakfast in Europe and have dinner 
in New York 

Twenty-five-year-old Charles Lindbergh flew 
from New York to Pans to win a prize to 
make a name foi the fun ol it . . But there 
was yet anothei reason he wished to render 
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fitted WITH REVOLJj^G GlijN TiJRRCTS 

he no.ies of these Royal Air Force planes are fitted wA^volvim gun tuvets AH the latest Bntish fighting 
P nes are built entirely of nwtal. They are capable pf^ to four hundred miles per hour. This photograph 

M^a5 taken jrom the pr^dut mg a test flight. ^ W n j 
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FIRST ROBOT PLANE 
A pilotless aeroplane which is entirely controlled by 
wireless circling the control cabinet during a flight 
round an aerodrome. 


a service to aviation, and he knew that his 
flight would stimulate progress, that it would 
bring a regular transatlantic air service nearer. 

This last was a project very near his heart, 
and when in 1936 Pah-American Airways weic 
negotiating with the Irish Free State Govern- 
ment about a flying-boat base on the west 
coast of Ireland, Colonel Lindbergh took 
Ptesident de Valera for his first ride in the 
air. 

FORCED DOWN IN THE SEA 

The immediate ellect of Lindbergh’s success 
was to induce large numbeis of people to try 
and emulate him Two weeks after Lindbergh 
had landed in Pans, Claience D Chamberlin, 
c.irrying a passenger, flew non-stop from New 
York to within a hundred miles ol Berlin, 
a distance of three thousand nine hundred 
miles 111 42 j houis : a very coiisiderablc 
achievement 

He was swiftly follow'ed by Commander 
R K Byid, who made the ciossing, with a 
crew of three, during the last two days of 
June, 1927 Byrd's ob)cctJve was Pans, but 
owing to extremely bad weather conditions, 
he was foiceil to come down in the sea tw'o 
bundled vauK lioiii Vet-sur-Mei, Fiance 
The plane was toinphtely wrecked, but its 
lour occupants escaped without serious injury 

BETTER ENGINES REQUIRED 

Many ol the piivatfly sponsoied naiisatlaritic 
flights aitfmpted alter Juik , 1927, whither 
suciesslul Ol not, weie nothing more oi less 
than stunts, doing no seivice whatever to 
aviation It had by then been established that 
It was possible, given caieful piepaiation, 
modeiatcly good weather conditions and great 
skill on till p.irl ol the pilot, to make the 
Noith Atlantic iiossing: but it was also 
obvious ill, it, until navigational instruments 
and engines had been unproved, and more 
had been learnt about weather conditions over 
the Atlantic, attempts to make the crossing 
were fraught with risk Unless the fliers were 
making serious attempts to gather information, 
meleorologie.d and otherwise, that would make 
flying safer, the nsk was not justified 

The first non-stop east to west North Atlantic 
flight by a heavier-than-air machine was made 
in Apiil, 1928, by Captain Hermann Koelil, 
Baron Gunther von Hucnefeld and Com- 
mandant James Fitzmaurice. It was accom- 
plished in a Junkers monoplane which covered 



AfR LINER THAT WEIGHS OVER FOURTEEN TONS 
7'/»5 Imperial .iirwavs Imei cainei Ihiitv-mne passeni'en and a cre^ of five Het dimensions are wing 
'ipan, one handled and thirteen feet, length, 86i feet, height, 29J feet. Her four engines are each of 555 h p. 


tho tw'o thousand two hundred and seventy 
miles between Baldonnel, Co Dublin, and 
Cireenlty Island, Labrador, in llmiv-seven 
hours The third mtmbcr <i( ihis trio was 
duel ol the lush Free Slate Air l oue, and the 
other two were ot Gtiman iiationahiy 

WOMAN’S PIONEER ATI.ANTIC Fl.IGHT 

I h( first woman to cioss the Atlantic by 
air w'as Amelia Kaihart She was taken as a 
[lasseiifrei m the Friendship, which took off 
lioin Newloundland on June 17, 1928, and 
landed m Carmarthenshire, Wales, aflci h.iving 
been twenty hours forty minutes in the air 
The navigator, Wilirier Stiiltz, earned high 
praise lor the manner in which he succeeded 
111 kieping to his course despite the fact that 
he had to fly blind most of the way 

“ During the flight,” said Amelia Earhart, 
“ the water was visible for only a little more 
than two hours. We might as well have bem 
flying over the coinfields of Kansas for all one 
could see of what was beneath We w’tre in 
the log, over it, or betwein layers lor about 
eighteen of the twenty hours ” 

Again, “ despite iLs poetie possibilities. 


fog ol course is one of the great hazards of 
flying From the air, when one cannot see 
the horizon, there is nothing much on which 
to base knowledge of one’s position in space 
Only the instiuments which have been 
devch.ped m the last lew years can be trusted 
to tell whether one is upside down or right 
side up 1 he poor old senses, which serve us 
so well so often, don’t send the correct 
impicssions to the brain in this instance at 
all.” 

ENDEARED TO Mll.LIONS 

Amelia Earhart (later Mrs G P. Putnam) 
is one of the most attractive figures in the 
history of flying The female counterpart of 
Chailcs Lindbergh, she was alw'ays known as 
“ Lady Lindy.” Like him, she endeared herself 
to the heal is of millions, not simply because she 
was an extremely skilful pilot who did .spec- 
tacular things, but because fame and success 
seemed only to increase her charming simplicity 
of manner. 

Not only was she the first woman to cross the 
Atlantic by air as a passengci , but she was also 
the first of her sex to fly solo from America to 
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Europe She did this in May, 1932, in the 
record time ol 13| hours. 

“ It was clear in my mind,” says Amelia 
Earhait, “ that I was undertaking the flight 
meiely foi the fun of it I chose to fly the 
Atlantic because I wanted to It was, in a 
measure, a sell-justihcation — a proving to me. 




BRAVE AMELIA FARHART 
The fint woman to fiv the Atlantic ai a passenger 
and also alone 


and to .mvoni. else interested, th.at a woman 
with aditjuate cxpeiieiice could do it ’ 

H(i (ilane was a Lockheed- Veg.i with a single 
Pialt and WliiliK y ilK) li ]i eiigiiif llwtighid 
hve thousand fivt hundted pounds and tamed 
(our hundred and Iwemv gallons ol fuel, giving 
a radius ol tliiee thousand two hundred miles 
The flight was not vMtliout incidinit A few 
houis aftei le.iving Newfoundland the altimeter 
(height-recoiding mstiumeiilj failed, and foi 
the remaining nine or ten houis the airwoman 
had to guess at her height, trying to steei a 
middle course between crashing into the sea 
and going so high that ice formed on the w’lngs 
This was all the more nerve-i .i< king because 
fog was abundant Fortunately, she had a 
gyio-compass ■ without it, she would probably 
not have got through 


About four hours after taking off she happened 
to glance backwards and to her horror saw 
flames shooting from the machine they were 
coming from the exhaust manifold, which had 
cracked Some hours later a petrol-gauge 
began to leak, and Miss Earhait feared that the 
fumes might i ause an explosion But good 
fortune was on her side She sighted the Irish 
coast somewhere in Connemara and then 
turned northwards to land finally in a long, 
sloping meadow near Deny. 

NICKNAMED THE “FLYING LABORATORY” 

In January, 193.5, Miss E.irhait flew alone 
from Honolulu to Oakland, California, a dis- 
tanct of two thousand lour hundred and eight 
miles, in eighteen hours hfteeii minutes, and in 
the following Mas she travelled non-stop from 
Mexico City to New Yoik (two thous.ind one 
hunched miles) in fouiteen hours eighteen 
minutes On the latter tup she had to cross 
mountains ten thousand feet high 

The last |)ro)ect undci taken bv this intrepid 
aiiwoman was a round-ilie-woi Id flight, begun 
on June 1, 1937 Its ob)ect was not to biiak 
rccoids, hut to collect inloimition that might 
be ol assist.inci to eomineicial pilots Her 
mat lime was a Lockheed lilerlia, cchicli was 
nicknamed the “FKing Labotalorc ’ bitausi 
ol the eompleti ness ol its suintilir <(|uipmciil 
It was n.ivig,itetl bv C,i]it.iin fiid Noonan, an 
.iirmaii of \erv wide expeiumt and pioved 
skill 

1 Ik starting-pomt ol the flight was Mi, uni. 
Florid. 1 , uhiiKC they proceeded by w.iy of 
\'enr/ucla .ind Dutch Cuiaiia to N.ital, Bi.i/il 
f'hen turning e.istw.irds they m.ide a two 
thousand mile hop over the South Atl.mtii to 
St laiiiis, Senegal 1 hey arrived m Calcutta 
on flint 17, having bv then covcied fliteen 
thous.ind three hundic-d miles, more than half 
the dist.iiici rciiind the globe, at an aveiage 
speed ol 900 miles a day 

NEVER SEEN AGAIN 

The “ Flying Laboratoiy ” then turned 
south-west, reaching .Singapore by way of 
Rangoon, and winning an unoHicial race with 
two air-liiieib Dutch and Impciial Airways — 
on the l.ist leg ol the route. 

Darwin, Australia, was made on June 28, 
exactly foui wee-ks aftei the departure from 
Miami. I hen they were faced with the most 
difficult part of the tiip — ^the crossing of the 
Pacific. On July 2, “ Lady Lindy’s ” plane 
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LAUNCHING A TORPLDO FROM THF AIR 

A loipedo bombei of the Viiktis Vilik'lxat l\ txpe It mirux a cu» cl ihta' and it fiiiecl nith one fiW h p 
Pcncui eng Hit Its span ts jotti-iuiic Jiet 


loft Lac, New Guinea, lor Ilowlind Island, 
two thousind fivi Iiundtfd .ind (iliv-si\ niiRs 
iwav Tl \Nas luvei seen ur un 
dlu li't rncssu'i- s( iit out l>v llu ‘ 1 Imiig; 
laboiuoiv” Mas pu k( d |i in (he d i\ tli( 
pl,m( left Lae It s ud ih u I ind bid not \e\ 
bun siijhled and ihal tlu re was only cnous;h 
luel kit lor hall an hour’s 11) mg 

SFARCH BY SIXTY PLANES 
As soon as it was realized that ‘ l^ady Lindv ” 
w IS ill danger every available ship and pi me 
w IS lushed to the Howland Island area 1 he 
Unitid States Gosernment dispatched deslioy- 
eis and ancialt tendcis as well as the battleship 
Coloradu and the aiuraft-c airier I^\ington to 
lake part in the seaicli 

I he I esingion sent out sixty aeroplanes on 
till fust day of her stauh and ovei loity on the 
next, scanning altogether one hundred thousand 
scjitait miles of sea The Colorado searched 
ovei thirty-eight thousand squaie miles, while 
Itasca, Swan and Moorby carefully surveyed a 
iurlher one huiidrcd-and-two thousand. But 
all in vain no trace of either the plane or its 
occupants was found 


‘lady Lind\ " would fly no mote ,a tht 
rt all/ iti >11 ol ibis a di t [> 1 1 gret blled tht he iris 
ol millions who knew hti onlv thiongli the 
r (ss, while' tl aiumautu il colie igiitsmtiurned 
the loss of a toui igt ous pioneer 

llu Sc lull ioi Miss I 11 halt and f ipiain 
Noon.in ittalls an t irliti P tilit search which 
was suttessiiil ai tht eleventh horn It was lor 
the Clew ol the Lbnted Stans Na\y seaplane 
rjy 9 Mo 1, who took off fiom Sin hranciseo 
on August il 1921, m an atttmpl to u nch 
Hawaii, two thousand one hundiid miles away 
Had thev sutceedtd they would have accom- 
plished the fust long-disi tutc Pacific llight, but 
the fates were against them, and after bittling 
for many hours ag.iinst powerful head \sinds 
they weic forced down by fuel exhaustion 

ON THE POINT OF STARVATION 

Their vsireless transmitter went out of attion, 
so they were unable to broadcast their position 
to ships, but their receiving set remained in 
good order and they were able to listen m to 
news leports of the pi ogress ol the search for 
them. 1 hey even heard the announcement of 
the decision to abandon the stairh. 
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After having been blown before the wind for 
four hundred and hlty miles, and when on the 
point of death from starvation, they were picked 
up by a submarine. 

Nearly two years passed before the first 
successful San Francisco-Honolulu flight was 
made by Lieut L J Maitland and Lieut A F 
Hegenberger, of the United States Army 
Their machine, a Fokker monoplane with 
three Wright Whirlwind engines, covered two 
thousand four hundred miles of water in just 
under twenty-six hours. 

DIFFICULTIES OF PACIFIC FLYING 

This flight was earned out under official 
auspices for the purpose of testing navigational 
instruments Every possible precaution against 
disaster was taken, since the authorities were 
only too well aware that even a very slight 
miscalculation on the part of the navigator 
would have caused the plane to miss Hawaii 
In that eventuality it would have been faced 
with a further two thousand five hundred miles 
of ocean with only enough fuel for one thousand 
miles at the outside 

Inspired by the success ol Maitland and 
Hegenberger, two other men, E L Smith and 
E. B Bronte, set out to emulate their feat about 
a fortnight later. They reached Molokai, 
Hawaii, alter flying for twenty-five hours 
thirty-six minutes They were surrounded by 
dense fog practically the whole time, and only 
succeeded in making their destination when 


their petrol was on the point of exhaustion. 

Not long afterwards Hawaiian planter 
named J D. Dole ofl'ered two prizes, one of 
^5,000 and another of £2,000, for a California- 
Hawaii air-race There were fifteen entrants 
and eight starters. Of the latter two crashed in 
taking off, two turned back to Oakland, two 
were lost and the remaining two reached their 
destination. Two other planes were lost in 
attempts to rescue the men who had been forced 
down 

Although this disastrous race cost the lives 
of nine men and one woman, it demonstrated 
the difficulties of long-distance Pacific flying 
and the necessity for improvements in navi- 
gational instruments and an craft dt'sign before 
such flights could be attempted with any degree 
of safety. 

FROM AMERICA TO AUSTRALU 

The first flight right across the Pacific from 
America to Austiaha was made by the Austra- 
lian Captain Chailes Kingsford-Smith and his 
three companions, Chailes P Ulm, the Austra- 
lian co-pilot, and the Americans Lieut.-Com 
Harry \V. Lyon, navigator, and James Warner, 
wireless opciator 

The feat was accomplished m the Southern 
Cross, a Fokker monoplane fitted w'lth three 
225 h p Wiight Whirlwind engines, and weigh- 
ing fifteen thousand eight hundred and seven 
pounds 

Taking off from Oakland, California, on 



HURLFD FROM THE DECK OF A SHIP 

The German Diesel-powered seaplane Nordmeer immediately after she had been launched by catapult from 
the deck of the steamship Fnesenland to start her on a journey of neatly two thousand four hundred miles. 
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ABOUT TO CATAPUIT A FLYING BOAT 

An amphibian flymp boat about to be launthed hr tatapult Hu maihiiic is a Supermanne "Seagull" 
Mark y, fitted with a Pegasus engine Melal-tonstruited. it is designed for naval reconnaissance. 


May 31, 1920, the Southern Cross flew to Hono- 
lulu, two thousand four hundred and eiitht 
nulls away, in l\ventv-se\en houis lAcntv-live 
mimiles This leg ol the loun had liei n 
eoveied before more than onee so that the 
iiavig.ition of It attracted little attention, but 
the next liop thi died the world IT oni Honolulu, 
Siiuth and his i ompanions flew to Suva, in thi 
lT|i Ishinds, in 34i hours, having covered thiee 
thousand one hundred and thiity-itght miles 
ol sea and set up a new transoceanic iccoid 

HEAD WINDS AND STORMS 
This flight was not without its anKious 
moments • the erratic behaviour of the cnoines 
and tiouble w'lth the dehveiy of fuel, eoinbined 
with VICIOUS head winds, rain, mist and bumpy 
air provided as much excitement as the airmen 
needed to keep them tdert 

But it was on the next leg, stretching for one 
thousand eight hundied miles between Suva 
and Brisbane, that their troubles really started, 
in the form of violent storms that threatened at 
any moment to whirl their pitching plane to 


destruction They made Brisbane on June 9, 
having then covered a total of seven thousand 
ihiee hundred miles ol ocean 

Alter making two long non-stop flights in 
Aiistialia — one of two thousand mile.s fioiii 
Melbourne to Perth and the othei of two 
t}K>us.tnd five hundred miles from Perth to 
Sydney - Kmgslord-Sinilh made the first cross- 
ing of the Tasman Sea betwieri Australia and 
New Zealand An electrical storm, winch 
Caused circles ol flame to appear w'here the 
propelleis icvolvcd and threw sparks from the 
metal p.irts of the niaclunc, was encountered 
on this tnp 

FIRST LONDON-AUSTRALIA FLIGHT 

All previous Pacific records were eclipsed 
w'hen in October, 1931, Clyde Pangborn and 
Hugh Herndon flew their single-engined Bel- 
lanca monoplane, Miss Veedol, non-stop from 
Samishiro Beach, three hundred miles north 
of T'okio, Japan, to Wenatchee, Washington, 
U.S.A. In the forty-one hours they were in the 
air they covered no less than four thousand five 
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hundied and fift^’-elght miles of ocean and won 
a prize of ^5,000 for the first non-stop crossing 
of the Pacific. 

We have told how the two great oceans of 
the world were conquered in the air Let us 
now see how London was linked with the 
extremities of the Empire in Australia and 
South Afnca 

The first London -Australia flight was made 



DIRD-MAN 

Clem Solni, nho claimed to he the hist man to have 
flown like a hint, piepaiatoiy to a flight 


in 1919 hv (U|)laiu Ross Smith and time 
companions in twenty-seven da\s twciily houis 
13v aceoniplislnng the leal viuhm sev< n hundrtil 
and Iwtiity houis the\ won a pn/c ol /,1U,(*0U 
liom the Austiahan fjovernment 

The niaihiiK ihey used was a Vieki rs-Viiny 
biplane, fiitid with two 330 h p. Rolls-Rovce 
Maik III engines, with a inaMinum speed of 
one hundied miles per houi It im.isuied 
42'! h'wni nose to tail, si\tv-scven Icel .itioss 
the wings, and stood 15[ feet high Its unladen 
weight was three tons and it earned five 
hundied gallons oi petrol and loity gallons of 
oil The course Smith and his coiiqianions had 
set themselves was as follows L/ondon, Lyons, 
Rome, Taianto, Crete, Cairo, Uamasi us, 
Ramadi, Basra, Bandar Abbas. Karachi, Delhi, 
Allahabad, Calcutta, Chiftigong, Rangoon, 


Bangkok, Singora, Singapore, Kalidjati, Sura- 
baya, Baima, Attambola, Port Darwin, 

Strangely enough, the most unpleasant part 
of the journey was from London to Lyons 
That is not to say that the remainder was a 
picnic. Far from it 

The longest hop of the flight was the seven 
hundred and thirty mile stretch of land and 
water between Bandar Abbas, Persia, and 
Karachi They made it in 81 hours. 

HELPED BY CONVICTS 
Complete disaster was only nairowly escaped 
when in taking off from Calcutta two hawks 
flew into the propelleis The imp.ict of the 
birds might veiy easily have smashed the 
propellers to piei es. 

At Sinirora, half-way between Bangkok and 
Singapore, they had to make a I. Hiding at a 
Siamese aerodrome, the landing-place oi wliirh 
was not only waki-logged liiit hlieiallv be- 
sprinkled with tree stumps d'lii pilot deveilv 
managed to land the platii without sc nous 
damage, but m the morning two hundred 
convicts weiH' set to woik to clear a track 
thiough the tree stumps so that they could take 
ofl in safety 

At Suiab.iva, m J.iva, the mai hme sank so 
deep mio a sw.imp that loi a long lime tin t.ask 
of cMiK.ilmg It .ippeaiiil (pute liojxless In 
the end ihiv siuiiidid m taking oil horn a 
time hunclic'd vaiti long Hack ol bamboo 
mats 

I he list stage ol the |ournev lay o\<i tin 
sh.ii k-int< sti d 1 imoi Si.i, bitwem .Attambola 
III I imoi and I’oit D.itwm, .kustiah.i 1 his 
loui hunch ( d and iilty mile sii i Ic h was p.iti ollt d 
bv II .\1 A S Sydney in case the an men should be 
foued down or should lose then wav 1 Ins 
pKc.iuiion piovid iiimei cssai y, and at 3 pm 
on Dec'iiilui 10, 1 9 1 ‘9, t hey landed in Austt aha, 
less th.m ioui wei ks .liter li .ivmg England 

IN \ SECOND-HAND PLANE 
Over eight viais p.issi d beloie an England- 
Austraha Ihght w,is act om))lished in .i shot ter 
peiiod than this 1 hi pilot was Bt rt Hiiiklti 
his machine an Avio Avi in with a 30-80 
hp aii-cooled Gurus engine, and he did the 
journey alone in the space of 15J d.iys 
(Febtuaiy 7-22, 1928). Hinklei lost his hie 
five yeais later in an attempt to recapture the 
record for this jouincy He left England on 
January 7, 1933, and disappeared horn sight 
until nearly lour months later, when his dead 
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l)ody was found alongside his shattered plane 
^ the fuscaii hills 

I Hinkler’s record was still standing when in 
|Mav, 1930, Amy Johnson made a daring but 
unsuccessful attempt to beat it. She flew solo, 
in a second-hand aeroplane called Jason, from 
Croydon to Port Daiwm in 19^ days, being the 
irst woman to achieve this feat She made 
record time to Rangoon, but there her plane 
suffered damage when she was forced to land 
in a ditch Precious time was wasted in making 
repairs, and after leaving Burma the weather 
conspired to make the flight as difficult as 
possible 

I MOST THRILLING AIR-RACE 

' It was over the England-Austraha route that 
the gicatest and most thrilling air-race in the 
histoiv of flying was run The Mac Rohcrtson 
Arr Race, .so called fretm the riairte ol its sponsor, 
an Australian sweet m.imifacturcr, begait rn the 
eatl> hours of Oclobei 20, 1934, at Mrldcnhal], 
sixt) miles IroiTi London Of the sixty-four 
plants originally cnleicd, only twenty look off 



STEPPING OUT OF A PLANE 
A spill-second photograph of a parachutist the moment 
ejier he has stepped earthwards. 

M M — B 



BEFORE THE PARACHUTE OPENED 
Just after leaiiitg a plane at 3000 feet The white 
blob IS the parachute. 


James and Amy Moilison (formerly Amy 
Johnson) were the fiist to get away rn their De 
Havilland Comet, and ihcs created a first-class 
sensation by flying non-stop to Baghdad But 
they were closely pursued bv C W A Scott 
and Capt.im T. Campbell Black in a plane of 
the same design 

CiriTING DOWN THE RECORD 
Scott and Black flew non-stop from Baghdad 
to Allahabad, passing the Mollisons on the way. 
Faicouniermg bad weather ovei the Bay of 
Bengal, they were forced to fly for one thousand 
four hundred miles only just above the surface 
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of the ocean From Singapore to Darwin the 
visibility was so bad that they had to navigate 
by instruments alone, and crossing the Timor 
Sea one of their engines gave out. Despite 
these and other difficulties, they reached Darwin 
only fifty-two hours thirty-five minutes after 
leaving Mildenhall This cut down the record 



LIGHTHOUSE FOR AIRCRAFT 
Possible airmen of the future examining landing 
light apparatus at an aerodrome. 


for the distance by more than half, since it had 
previously stood at one hundred and nine houis 
twelve minutes 

Aitei having repairs carried out at Darwin, 
they flew on to Melbourne, reaching it in an 
hour less than three days from England. 
A breath-taking achievement. 

Second place in this twelve thousand two 
hundred and ninety-three mile race half-way 
round the world was won by Parmentier and 
Moll in an American-built Dutch commercial 
plane, which earned a crew of three, three 
passengers and thirty thousand letters. It 
stopped eighteen times at the regular commercial 
stopping-places, and yet succeeded in covering 
the distance in ninety hours eighteen minutes 


From the practical point of view this flight, 
like that of the plane that won third place, was 
more important than the spectacular achieve- 
ment of Scott and Black in their specially 
designed racing plane. 

The third prue went to Turnei and 
Pangborn, who were also flying an ordinary 
commercial plane similar to those used by 
United All Lines in America. They covered 
the distance m ninety-three hours six minutes, 
well ahead of the previous record. 

The Mollisons abandoned the race at 
Allahabad and none of the other entrants 
finished ahead of the picvious record Two 
British competitois, Gilman and Baines, crashed 
fatally shortly after taking off from Rome. 

AERIAL CONQUEST OF AFRICA 

The aerial conquest of Africa was not 
achieved until February 17, 1926, when Alan 
Cobham reached Capetown after having flown 
from London, eight thousand five hundred 
miles away, m a flying lime of ninety-four 
hours, and a total elapsed time of three calendar 
months 

Cobham was not out to break records, he 
had been commissioned by Impcnal Airways 
to survey the Cairo-Cape route His plane 
was a De Havill.ind “ 50,'' fitted with a 385 h p 
Jaguai engine of the ladial air-cooled type 
Water-cooled engines, it should be noted, had 
been used before by other pioneeis in Africa 
and had been lound wanting 

On his southward journey ftom Cairo to 
the Cape, Cobham travelled in a leisutelv 
mannei, taking many photographs and care- 
fully estimating the respective merits of the 
many possible stopping places for commercial 
craft The engine behaved perfectly throughout. 

The return journey from Capetown to Cairo 
(five thousand five hundred miles) was made 
in a total elapsed time ol 9i days, and a fuither 
SIX days were spent in getting from Cairo to 
London. 

WORLD’S LARGEST FLYING BOAT 

In the following year Cobham (now Sir 
Alan) undertook another valuable African 
survey. 'I'his time he travelled in a flying boat : 
a Short Singapore all-metal biplane with 
two 650 h p. Rolls-Royce Condor engines. 
Weighing ten tons when fully loaded, it was 
the world’s largest flying boat Lady Cobham 
was a passenger on this twenty-three thousand 
mile tour. 
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Starting from Rochester on November 17, 
1927, Cobham flew via Marseilles and Malta 
to Benghazi, North Africa. Thence to Alexan- 
dria; Lakes Victoria, Tanganyika and Nvasa; 
and Deira, on the coast of Portuguese East 
Africa From Beira the flying boat travelled 
over the sea to Capetown, and thence^ with 
many stops, to Gibraltar 

The expedition returned to Rochester seven 
months alter it had set out, and was able to 
report that the trip was entiiely ficc from 
seiious trouble. It was a valuable demonstra- 
tion of the usefulness of the Hying boat as a 
means of inter- Imperial communication, and 
much valuable topographical and navigational 
information was collected. 

FAMOUS RECORD BREAKERS 

Consoiciious among the F.ngland-Cape 
record breakers were J A Mollison <ind Amy 
Johnson, for some time his wife In March, 
1932, Mollison, then holder of the England- 
Australia recoiiJ, travelled to the Cape in 
lour davs 171, houis, flying a Puss Moth plane 
fitted with a 120 hp Gipsv HI engine In 
flit following November, 10|f houis were 
knocked oH this record bv Amv Johnson, 
flying a similar machine, and in .May, 1936, 
tins seemingly tin less airwoman reducid the 
outward-bound record tune to thicc da^s GJ 
houis On tins latter triji she made the icturn 
journey in four davs IGJ hours, arriving back 
in London wiilini two weeks oi her departure 
Irom It. 

ROUND THF WORLD IN EIGHT DAYS 

In 1872 Jules \’eine, the popular French 
novelist and playwright, who died two veais 
alter the Wrights made their flixt flight, wiote 
a book called Round the H'orld in Eighty Days. 
I' wias a delightful romance and it continued 
lor miny years to give pleasure to French and 
English readers, but lew of those who perused 
It in the nineteenth and early twentiC^h cen- 
turies ever dreamed that within sixty years of 
Its publication the world would have been 
circled not in eighty but in eight days Many 
of those who had read Verne’s story as children 
rubbed their eyes in astonishment when in 
1931 they saw on the bookstalls a volume 
entitled Around the World in Eight Days 

This was not fiction but fact. It told of 
the epoch-making trip of Wiley Post and Harold 
Catty, who had put a girdle round the earth 
in just over a week. 


Their flight was made seven years after the 
first round-the-world flight . that of four 
biplanes of the United States Army, begun at 
Seattle, Washington, on April 6, 1924, and 
ended at the same place on September 28, 
1924, one hundred and seventy-five days latei 
The machines used were made by the Douglas 



IN A BLAZE OF PETROL 
Aircraftmen standing in flaming petrol to demonstrate 
the non-inflammability oj their asbestos suits 


Aircraft Company Each weighed four tons, 
had a wing-spiead of fifty leet and was powered 
by a single twelve-cylinder, 450 h p Liberty 
engine. 

The machine favoured by Wilev Post and 
his companion was a Lockheed -Vega mono- 
plane, powered by a 525 h p Pratt and 
Whitney Wasp engine. It was called the 
Winnie Mae m honour of Winnie May Hall, 
the daughter of Post’s sponsor, Mr. F C Hall. 

The flight began at Roosevelt Field, New 
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York, on June 24, 1931 The total distance 
covered was fifteen thousand four hundred 
and seventy-four miles, the flying time was 
one hundred and seven hours (an average of 
one hundred and forty-six miles per hour) ; 
and the total elapsed time two hundred and 
seven hours fiity-one minutes (eight days 



AERIAL ARMAMENT 
Movable machine-gun on a bombing plane. The guns 
o/ fighting planes ate fixed 


Blagovestehensk-Khabarovsk .. .. 361 

Khabarovsk-Solomon Beach . . . . 2,500 

Solomon Beach-Fairbanks .. .. 520 

Fairbanks-Edmonton .. .. .. 1,450 

Edmonton-Cleveland . . . . . . 1,600 

Cleveland-New York . . . . . . 394 


Not content with so amazing an achievement, 
this one-eyed airman — Post had lost an eye oil- 
dtilling m 1924 — made up his mind soon after- 
wards to fly round the world solo, breaking 
the 1931 record at the same time. To do this 
he bought the Winnie Mae from F C. Hall, 
and having completed his preparations, took 
off Irom Floyd Bennett Field, New York, on 
July 15, 1933 His first stopping place was 
Berlin, three thousand nine hundred and 
loity-tw'o miles away, and he made it in 
25} hours a magnificent achieveincnt 

THANKS TO THE AUTOMATIC PILOT 

His other stops were at Koenigsbcig, Moscow, 
Novo-Sibusk, Iikutsk, Rukhlovo, Khabarovsk, 
F'lat (Alaska), Fairb.inks, Edmonton, New 
Yolk The total distance ol liltecn thousand 
five hundred and ninct>-si\ miles was covered 
m a flying time ol one luindred and filteen 
hours thirtv-six minutes, and an elapsed time 
ol seven cl.ivs eigliti c n hours fiity minute's 
Thus he knocked twenty-one houis ofl the 
retold he .set u|) when .tci oiiipanied by (iatty. 
He was awaided the gold medal of the' 
Fedchation Aeronauiuiuc Internationale. 

Post slated that his success v\as in large 
mcasuie due to his use ol the automatic pilot, 
which held the plane on its course whilt he 
rested, but it goes witliout saving that only 
a man ol extiaordmary strength, courage and 
intelligence could have accomplished this leat 


fifteen hours fifty -one minutes) Thev kncKked 
fifteen days off the existing aeroplane record 
and thirteen days off the time taken by the 
Graf ^eppelin 

The flight was accomplished in the following 
stages ; 

Miles 

New York-Harbour Grace (Newfound- 


land) . 1,132 

Harbour Grace-Chester (England) .. 2,195 

Chester-Hanover . . . . . . 534 

Hanover-Berlin . . . . . . . 154 

Berlin-Moscow . . . . . . . . 991 

Moscow-Novo-.Sibirsk .. .. .. 1,579 

Novo-Sibirsk-Irkutsk .. .. .. 1,055 

Irkutsk-Blagovestchensk .. .. 1,009 


FORTY-EIGHT THOUSAND FEET UP 

In 1934 Post took the Winnie Mae forty- 
eight thousand feet up, breaking the altitude 
record, but his barograph was defective and 
his record was not theielore officially recognized 

One of his many ambitions was to fly at 
an unhcard-ol speed through the sub-strato- 
sphere In endeavours to lealize it he clothed 
himsell in a special flying suit and went up 
in a supei charged plane, but his four attempts 
to cross the Ameiican continent by stratosphere 
flying were unsuccessful. 

In August, 1935, accompanied by Will 
Rogers, the American humorist. Post lelt 
San Francisco on a flight to Siberia, but he 
never reached his destination. Near Point 
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PAN-AMFRICAN AIRWAYS CLIPPCR III 

Tim twentv-ton flying boat made the first wesl-t()-ea\t commet eta! survey flight over the Notth Atlantic. Her 
fout 750 h.p engines give her a maximum speed oj one handled and ninety-two miles an hour. 


Barrow, Alaska, on August 15, the plant 
Clashed, killing both Post and Rogers Post 
was then only thnly-six years ol age, and by 
Ins passing .iviation sulTtrcd a heavy loss 

Point Ikiriow' IS on the northern shoies of 
Alask<i, well vvitliiii the Aictit Ciitle It is 
ineinoiable in the histoiy ol aviation as being 
the lirst land ov'cr which the aiiship fi'orge 
passed aittr it had flown ov'cr the Noith Pole 
in May, 1021) This semi-rigid dirigible tatiud 
UiiKial Umbtrto Nobile , its desigiKi, Roald 
Amundsen and Lincoln LlKworth iioin Nv- 
Aalcsund, Spitsbergen, to'lellei, on tin Bering 
Sc 1 , a distanct ol Iwo thousand sevMi hundred 
miles in seventy-one houis (Ma\ 11 14, 192l)j 
It was the first lightei than-aii crait to urtle 
the North Pole 

AEKOPLANK VISITS THE NORTH POLE 

The honour ol being the fiist to fly ovci 
the Noith Pole in an acioplaiie belongs to 
Commander R h Byid and his pilot Floyd 
Bennett They achieved this leal on May 9, 
192(j, only two days before the Norge left 
Spitsbergen 

1 wo years later General Nobile set out on 
a second Arctic expedition in the airship 
Italia He passed over the Pole on May 24, 
1928, but on the following day the airship 
Clashed on the ice Its lialloon then rose into 
the air, canying with it seven members of the 
crew' They were never seen again, and their 
fate remains a mystery. 

A fortnight passed before General Nobile 
and his companions were able to get into 
wireless communication with the outside world 
As soon as their fate became known Amundsen 


set out in an aeroplane to attempt their rescue 
He took off fiom Bergen bound foi the Arctic 
on June 17, 1928, and was never heard of 
again Nobile was lescucd on June 2'3 by a 
.Swfdish aeropk m 

On June 2ii, 1017, three Russian uinifii 
climbed on I ol a pl.inc at Pieison Field, 
V.incoiivei BaiiacLs, in tin State ol VV'ashmgton 
Their .iiiival was une picted thev had be'm 
loued down by poor visibility hvi hundred 
• iiid eighty miles lioiii San Fiancisto, the goal 
thev li.id set themselves But thiy had flown 
non-stop a dist.iiici ol five thousand three 
huiidied miles m sixty-thtee hours seven 
minutes 

They did not bicak the non-stop recoid of 
five thousand six hundred and thirty-seven 
miles set up in 1933 by the French airmen 
MM Codos and Rossi by then flight from New 
York to Syria, but thiir exploit was hailed as 
one ol the most speetaculai events in the 
history of aviation because iheir course fiom 
Moscow had lam ovci the North Pole and the 
uncharted seas ol the \rctic legions. They had 
flown over the top ol the world 

ALERT FOR SIXTY-THREE HOURS 

Their achievement was lai Irom being merely 
a stunt. The Soviet Union has long been 
nursing the ambitious project of running a 
regular air service between Russia and the 
United States of Ameiica. With this end m view, 
scientists had been sent north with orders to set 
up meteorological stations within the Arctic 
Circle, and when the three airmen set out in 
June, 1937, they were armed with a consider- 
able amount ol knowledge concerning the 
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weather conditions they were likely to encounter. 
Without this knowledge the flight could never 
have been accomplished, for the simple but 
sufficient reason that the meteorological con- 
ditions prevalent over the North Polar regions 
are unlike those obtaining anywhere else 

The physical strain on the airmen was very 
great, since they had to be on the alert for every 
minute of the sixtv-three hours they were in the 
air So well did the navigator do his job that 
at no point were the airmen in any doubt as to 
their position 

Their machine was a single-engined 960 h p 
monoplane with a laden weight of 11} tons 
The fuel supply was stored in three tanks in the 
wings The machine was capable of landing 
upon ice and water as well as upon land 

FROM RUSSIA TO CALIFORNIA 

Hardly had the excitement caused by this 
exploit died down before on July 14, 1937, it 
was announced that another crew of Soviet 
airmen had landed at San Jacinto, Cahlornia, 
after having flown non-stop from Moscow in 
sixty-two hours Following the same course as 
the pioneers, and piloting a machine of the 
same type, they had covered a distance of six 
thousand seven hundred miles, beating the 
non-stop record of Codos and Rossi by over a 
thousand miles They could have gone further 
had thev not been forced down by a leaking tank 

Both planes were flown at a very gieal alti- 
tude in order to escape fog, the airman’s worst 
enemy The average altitude was about 
fourteen thousand feet, the greatest on the 
second flight being eighteen thousand let t 


This was reached over the Canadian Rockies, 
where the airmen found it necessary to use their 
oxygen apparatus. 

On the second flight cyclones and anti- 
cyclones were encountered over the North Pole; 
and between there and Rudolf Island ice began 
to form on the wings The ice threatened 
to send the monoplane hurtling earthwards 
until the de-icing apparatus began to do its 
woik Throughout the flight the airmen weie 
in constant radio communication with both 
Russia and Canada 

The practical importance of these two flights 
is very great They demonstrated the feasibility 
of a Russian-Amcrican trans-polar air-service, 
and It IS hoped that this may be in operation 
within a few years Such a service will benefit 
not only the Soviet Union but all the peoples 
of the Northern Hemisphere, because within 
this hemisphere the shortest distance from 
extreme east to extieme west is by way of the 
North Polar legions 

POLAR ISLAND B4SES 

When, in 1926, the Soviets announced their 
intention of annexing all Aictic ten itory between 
the parallels of longitude which maik their 
western and eastern frontiers, nobody took 
much notice “ What good are the North Polar 
regions-’” foreigneis asked The Russians did 
not bothei to enlighten them, but now all the 
world knows the answer 

Where foiinerlv there was naught save mile 
upon endless mile of glittenngsnow, the Russians 
have built towns which hum with activity and 
cultivated soil that produces magnificent crops 



FROM IRELAND TO NEWFOUNDLAND IN FIFTEEN HOURS 
During the summer of 1 937 the Caledonia made a number of experimental transatlantic crossings in conjunction 
with Pan-American Airways' Clipper III. On her first trip she crossed in fifteen hours 
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CARRIES PASSENGERS FROM NORTH TO SOUTH AMERICA 
rhe Pan-American Aimavs flying boat Br<^^^llan Clipper h weighs mne'een tons, is sixtv-eight feet long, 
has a span oj one hundied and fourteen feet, and is powered h\ font 700 h p engines 


Mou over, iinderncath the snow they have 
found valuable minerals So now the Soviet 
North Polar Regions arc tegarded as extremely 
valuable in themselves 

But the polar islands have an even gieate' 
value as bases lor the machines that will 
operate the trans-polar air-scrvi(< Millions ol 
pounds sterling have been spent ni develupin 
thtm Ironi this point of' leu 

SURVEYING THE TRANSATLAN TIC ROUTE 

In I0J7 thirty-live Sovu t scientists flew Irom 
their fai thest-north Aretn base and took up 
lesidence on an irc-floc neai the Pole T hi 
louiney occupied only seven houis Iheie they 
elected laboi atones, powei plants and a radio 
station A few months latei the British Bioad- 
casting Corporation began to issue weathei 
leports Irom the North Pole received Irorn the 
Soviet scientists 

J hese reports were of more than at ademic 
mteiest, since the North Pole is the “ weathci 
laetoi-y of the world ” They supplied informa- 
tion which wa« ol great value to navigators, both 
aerial and marine, all ovei the globe. Of moie 
inirnediatc interest to the Russians w'as the 
lact that the scientists were able to find out a 
good deal concerning the weather conditions 
likely to be encountered by their own airmen 
on the trans-polai route. 


While the Russians were exploring the 
possibilities ol a route to .America via ihi' Pole, 
the Biiiish anti the Arnei leans were coliaboiating 
in I survey ol the ti ansatlaiUic routf 

‘Just a pleasant jov ride ” With this lemark 
Claptain Giay ol the Pan-Ament an Sikorsky 
Clipper JII greeted the reportets who < row'ded 
round him when he landed at hovnes, Ireland, 
altei making the first west-to-iast cottitnercial 
suivey flight over the Noith Allaniic 

“ It was so easy.” continued the American, 

‘ that wt got tired ol it T'welve hours and 
thirty-loui minutes m the an u ere just a matter 
uf waiting until the radio stations told us we 
were neai Paigland ” 

EIGHTEEN YEARS AFTER 
This was in July. i')37, only eighteen years 
after the first aeioplane crossed the North 
Atlantic and ten yeais altei l.mdbcrgh’s great 
New York-Paris hop A flight that had not so 
long .igo been regarded as daring in the extierne 
had become “ too easy ' ” A regular Noith 
Atlantic air-scrvice would soon be m 
operation 

Claptain Gray’s flying boat was a Sikorsky 
12 B, weighing twenty tons and with a wing- 
span of one hundred and eighteen feet Its four 
Pratt and Whitney Hornet engines, each of 
750 h p , gave it a maximum speed ol one 
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hundred and ninety-two miles per hour and a 
range of three thousand five hundred miles. 
While It was flying from Botwood, Newfound- 
land, to Foynes, the Imperial Airways flying 
boat Caledonia was winging its way across the 



INSIDE AN AIRSHIP 

Amidst a maze of girders and pipes in the interior of 
the new Graf Zeppelin 


Atlantic in the opposite direction Caledonia is a 
Short Empire flying boat of the type described 
on page 42. She completed this crossing of 
one thousand nine hundred and ninety-three 
miles in fifteen hours nine minutes at an average 
speed of one hundred and thirty-two miles per 
hour, while the American Clipper had main- 
tained an average of one hundred and sixty-thrce 
miles per hour. 


This does not mean that the Caledonia is a 
slower craft than the American Clipper — she 
proved, in fact, to be slightly faster. The 
difference in their speeds was due to the differ- 
ence in the strength of the wind encountered 
on their respective crossings On her return trip 
some days latei the Caledonia crossed from 
Botwood to Foynes in twelve hours nine 
minutes, while the Clipper’s time for her return 
trip was sixteen houis twenty-six minutes. 

LOOKING INTO THE FUTURE 

These experimental flights continued until 
the autumn of 1937, by which time it Wiis 
abundantly clcai that the only thing that stood 
in the way of a regular North Atlantic air- 
scrvice was the lack ol craft sufficiently large to 
take paying loads 

I’he craft used on the experimental trans- 
atlantic flight in 1937 were capable ol carrying 
a paving load of mails, but thev were not big 
enough to carry a paying load of passengers 

Accoiding to fortcasts the Imperial Aiiuays 
passenger-carrying transatlantic ait-hiiers will 
be Shoit monoplanes with thiec hundred feet 
long cantilevei wings, having room for forty 
passengeis .ind being i apable ol eiuising in the 
legion of two hundred units pet hour It is 
said that the giant Ameiican hncis, designed by 
Glenn Martin, will have room lot one hundred 

passengers 

No wood will be used m their construction 
An alloy known as dur.ilumin will be employed 
fot the framcwoik, whik wings, tail and 
fuselage will have a “ stiesscd-skm ” metal 
covering 

TO AVOID STORMS 

The British Short liner will be thiee times as 
large as the Empire boats used in 1937, but it 
will only be twice as heavy that is to say, it 
will weigh sixty or seventy tons 'J’ht Ainencan 
boat, on the other hand, will weigh about one 
hundred and twenty tons I'he former will 
cost in the neighbourhood of £100,000, the 
latter ^200,000 

The Americans are fitting Pratt and Whitney 
engines, while the British arc using motors of 
ihe Bristol type 7’here will be cither four or 
eight engines in each plane and each will give 
about 2,000 h p 

So as to avoid storms the boats will probably 
fly at a height of from eighteen thousand to 
twenty-five thousand feet above the water. 
If this is done, air-tight, oxygen-supplied cabins 
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ZEPPELIN PIONEER ON THE NORTH ATLANTIC ROUTE 
The Hindenburg was the pm cnijt to establish a rcRulat North Atlanta air seivie. In tne sumniei of 1936 
she made ten round tups between Oennanv and New Jeisey, US A She was wrecked m 193"^ 


^Mll Iiavc to be used in ordei thai the passengers 
and erevs tnay btcathe 

liach boat \sill hav'C two detks I'he uppei 
derk ssill accoinmc'daie the crew, ihi mails, 
the height, the puisci’s olhee, as wdl as lufl 
and vvatci tanks On the btidge in the nose ol 
the plane, two pilots will sn m Iroiil ot tin 
navigational instiumcnts • (omp,iss, aii-spe<d 
indicator, altiineter (height-ieroidmg instiu- 
rnent'l and the lobol pilot (an automalu divue 
which Hies the cialt un.iidcd when i(t|niiedl 
The chicl pilot IS, incidentally, usually the 
ca}itain. 

DANCING ACROSS THE OCEAN 
The chief engineer will have his quaiteis 
immediately behind the pilots His job is to 
contiol the engines at the ordei s ol the pilots 
Near him will be the navigatoi whose business 
tt IS to decide wdiat course the boat is to take. 
The navigator will be supplied by the radio 
operator with iniormation about the weather 
conditions likely to be encountered 

The passenger accommodation will be on 
the lower deck There will be sleeping bunks, a 
bar and many other lacilities. 

The British and Pan-American Airways’ 
North Atlantic service will be either run on the 

M M — B* 


Nevvloundland-Ireland route or on iht New 
Yoi k-B( I mudas A70I cs-Lisbon route I’lic l.it- 
lei oiosMiig IS one thousand six luiifchcd miles 
loiigei than the torinei, but it enjoys betlei 
weatlio conditions It was also suiveycd in 
1917 On August 22 ol that yiai the American 
Uhppe) coni|)leltd a sufcesslul evpenmental 
flight hoin New Yoik to Lisbon, covering the 
last stage of the jouincy — that between the 
Azoics and Lisbon- -in 1\ houis. 

MlLldONS OF MILES A YEAR 

The commeicial aeroplanes of the world now 
fly between Iwi nly-five million and thiilv 
million miles a >eai, opetating along approxi- 
matclv thiee bundled and filty thousand miles 
ol air-ioutes 

British cidft fly along nearly seventy-hve 
thousand miles, including the tiansatlantic 
routes In a year they tairy approximately 
foui hundred and fifty thousand passengers, 
filteen thousand tons ol mail, and twenty - 
five thousand tons ol goods Imperial Airways, 
the biggest British company, sends planes to 
Capetown in six days, to India in three days, 
and to Australia in seven days These are 
the main Imperial routes, and fiom them branch 
lines shoot off to many of the African capitals. 
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to the chief towns in the Middle East, India, 
the Far East and Australia. 

The first commercial return flight between 
England and New Zealand, a total distance of 
thirty-two thousand four hundred and ninety- 
eight miles, was made by the Imperial An-ways 
flying boat Centaurus between December, 1937, 
and February, 1938. Before this flight no 
commercial plane had covered the one thousand 
three hundred miles wide Tasman Sea between 
Sydney and New Zealand. 

The Centaurus is one of the “ C ” class 
Empire flying boats, a sister to the Caledonia 
and the Cambria, which were used on the 
transatlantic experimental flights in 1937. 

BUILT OF METAL 

Produced by Messrs Short Brothers ol 
Rochester, Kent, they represented a great 
advance on all the craft then in use by Imperial 
Airways They will assist in the operation of 
“ the Empire An Mail Programme by which 
all first-class letter mail for destinations along 
the Empire an routes shall, so far as is 
piacticable, be carried by air without sur- 
charge ” All-metal cantilever monoplanes, 
their measurements are as follows wing-span 
one hundred and fourteen feet overall length 
eighty-eight feet overall height thirty-one 
feet 9J inches They weigh unladen twenty- 
four thousand pounds and laden foity thousand 
five hundred pounds (eighteen tons) 

Fitted with four stiperchaiged Bristol PcgasiLS 
740 h p engines they have a maximum speed 
of two hundred miles per houi and a cruising 
speed of one hundred and sixty-five miles per 
hour Normally laden — that is, with twentv- 
four passengers, a crew' of five and about three 
tons of mail — they have a langc of seven 
hundred and sixty miles, and are capable of 
attaining an altitude of twenty thousand 
feet 

They are double-decked and have four 
cabins, including a smoking cabin and a 
promenade saloon where passengers can walk 
about and watch the passing scenery Each 
passenger is provided with an adjustable arm- 
chair, and there is abundant room for 
luggage 

Fifteen London buses standing side by side 
would not cover a length as great as that 
ol the wings of an Empire flying boat, but it 
would take seventeen buses standing side by 
side to equal the span of one of the Ensign 
type air liners which Imperial Airways ordered 


from Sir W G Armstrong Whitworth Aircraft 
in 1937. These have a length of one hundred 
and fourteen feet, a span of one hundred and 
tw'enty-seven feet and an overall height of 
23^ feet They will be used on both European 
and Empire air routes On the former they 
will carry forty passengers and on the latter 
twenty-seven by day and twenty-four by night 
They w'ill be manned by a crew of five 

These air liners weigh twenty tons, and 
attain a speed of two bundled miles per hour, 
the power being supplied by four supercharged 
Tiger air-cooled engines, each of 800 rated h p , 
the work of Armstrong Siddeley Motors Ltd 
Like the Empire flying boats they have a 
noimal range in still air of seven hundred 
and sixty miles 

The United States of America, with their 
sixty to seventy thousand miles of air routes, 
have by fai the finest commercial planes and 
the most efficiently run services in the world 
As early as 1934 air liners capable of travelling 
at two hundred miles per houi were in use in 
America, and today the vast majority ol 
passenger planes there have a cruising speed 
of round about one hundred and seventy miles 
per houi Before long m.aclimcs for cairying 
forty people at two bundled and forty miles 
per hour will be in use 

LAST LLNK FORGED 

The gre.itest American achievement in com- 
mercial living w.is the spanning ol the Pacific 
from San Fr.incisco to China As eaily as 
October, 1935, Pan-American Airways wtie 
cairymg passengeis between .San Fiancisco 
and Manila, in the Philippine Islands, via 
Hawaii, Midway Island, Wake Island and 
Guam, and in the spring of 1937 the service was 
extended lioin Manila to Hong Kong dhe 
time taken for the complete nine thousand 
mile crossing is seven days 

With the spanning ol the Pacific the last 
link in the chain of world aerial communica- 
tions was forged The first person to buy a 
round-thc-world-by-ait ticket was an inhabitant 
of Manila It cost him two thousand three 
hundred and eight dollars (about £461) in 
March, 1937 

The south-west Pacific is dotted with 
hundreds of tiny coral islands which were 
regarded as worthless not many years ago, 
but when aviation developed sufficiently to 
make long-distance transpacific flights possible 
many of these islands became highly desirable 



MAN RIVALS THE BIRDS 


43 



WORKING ON THE FABRIC OF THE NEW GRAF ZEPPELIN 
The Zeppelin designed to succeed the Hindenburg. Aper the latter was wrecked it was decided to use 
non-inflammable helium, but the United States refused to sell the gas to Germany 
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THE SHORT-MAYO COMPOSITE CRAFT TOGETHER 
The seaplane mes fiom the walct on the hack of its hig sister, hut breaks away from the flving boat in the 
air as soon as an appropnate speed has been attained 


as flying boat and aeroplane bases, with the 
result that disputes ovei their ovinetship took 
place At least two -Jarvis and Bakei Islands 
— were claimed bv both Britain and the United 
States, since both countries desire to open up 
air routes in Australasia and south-eastern 
Asia. 

COST £250,000 TO BUILD 

While the Americans were bla/ing an air 
trail across the Pacific, the Germans were 
opeiating scheduled transatlantic passenger 
services by means of the (Iraf ^eppeltii This 
remarkable airship, seven hundred and seventv- 
six feet long and ninety-eight feet in diametei, 
driven by five reversible engines giving a 
maximum speed of eighty miles per hour and 
a cruising speed of sixty-five to seventy miles 
per hour, had a radius of six thousand miles 
Costing ,^'250, 000 to build, il was the property 
of the German people, having been paid for 
by public subscription 

The Graf ^eppelin left her shed at Fiiedrichs- 
hafen for the first time in September, 1928, 
and after completing her trials, set out for 
Lakehurst, near New York. Travelling by way 
of Marseilles, Barcelona, Madeira and Bermuda, 
she reached her destination on October 15, 


after one bundled and twelve hours in the air. 
In comni.ind of her was l)i Ki kener, who had 
in 1914 sleeted the Zeppelin Ji V (alterwaids 
the U S .uiship Ij)\ Angeles) to America by way 
ol the A/oics in eiglily-one hotits 

Dr I’.ckencr brought the Graf ffjppelin back 
to Gerin.iny in G84 hours, and on landing he 
declared that he did not think that she was fit 
foi service on the transatlantic route In his 
opmiern swifter and more strongly constructed 
airships were required for tli.it service He was 
wrong, for rune years later the Graf ffeppelm, 
which had been declared obsolete when fiist 
launched. W'as still making regular trans- 
allantic crossings 

MADE FOUR HUNDRED VOYAGES 

In the year after her first tup to America 
the airship made a twentv-one thousand mile 
flight round the world in the record time of 
twenty-one days 7J hours, and in Septem- 
ber 1931, she flew from Friedrichshafen to 
Pernambuco and back in less than nine days, 
two of which were spent in Brazil She had 
by then completed eight Atlantic crossings 

On March 21, 1932, she began the first 
regular transatlantic air-servite, operating 
between F’riedrichshafen and Brazil. By the 
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THE SHORT-MAYO COMPOSITE CRAF'i APART 
The two componenti a few seconds ajiei pailinv Toaethet the mac'iiiw'. weiKh torty-ftve thousand pounds 
Mercury t.s designed to sany one thousand pounds oj payload thne thousand Jive hundied miles non-stop 


end of 1934 she had made over lour hundred 
trips, covered si\ hundred and filty thousand 
miles, and earned neailv llunv thousand 
passengt I s, no fewer than five million P.( 
hundied thousand postal packau;(s^ and ninctv- 
two tons of caigo 

DISASTER OVERTAKES THE “ HINDENBHRG ” 

'J he GtaJ J^eppelni was still engaged iii the 
tiaiisatlantic serviei when m Mav , 1937, the 
news of the Hindtnhutu disastei caused hei 
ojieiations to Ik suspended, and shoillv altei- 
wards it was decided nevci to fl\ liei again 
The airsliip m her well-eained letuenunt is 
appropi lately used to house a imsst mteiesting 
Zeppelin museum 

The eight hundred and three feet long 
Hmdenburg, one hundretl and twenty-ninth of 
her line, made ten round trips between Frank- 
lin t-ori-Mam m Germany and Lakehuisl, New 
Jcisey, USA Launehed m Apiil, 1936, she 
was the first craft to establish a legulai North 
Atlantic air-scrvice She carried on the average 
forty passengers, and took sixty-five hours for the 
east-to-west trip and fifty hours when living in 
the opposite direction Her volume was no less 
than seven million cubic feel, which gave her a 
lift of two hundred and twenty tons. 


Gn M.iv t>. 1937, alter she had completed het 
fiist titp of th( veai, and )ust as slu was about 
(<j inooi slit bill St into flames befon ilic eves of 
.1 (lowd of hoiiifitd spectalots and was coin- 
plete'y destroyed m thirty-tv\o setontls The 
gicatest aiiship the woild had ever seen had 
beeoini nothing moii than a ttd hot mass of 
twisted metat Fleven of hei tluity-inne 
passengcis and tvviutv-one of her crew of 
seventy win butiied to death Some of the 
suivivois, .ill of whom were badly injured, died 
within the mxt lew days 

SUPPOSED CAUSE OP THE EXPLOSION 

The explosion was said to have been caused 
bv spaiks which ignited the hydrogen with 
which the aiishiji was kept up Helium, a 
pcrlectlv safe gas, should have bei ii used for 
this purpose, but Germany possesses no helium 
and till re were difficulties in the w.iy of hei 
puich.ising It from the United Stales, whose 
viitual monopoly it is 

The Hindenhurg disaster ])iofoundly shocked 
the whole world, but though the GtaJ J^eppehn’s 
trips were immediately discontinued as a 
consecjnence of it, Geimany announced that 
she had no intention whatevei of giving up 
airships 
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Of the Htndenburg's one hundred and twenty- 
eight predecessors, only two were still intact in 
1937 the Graf and the Los Angeles {"handed 
over to the United States by Germany in 1924 
as part of the reparations payments) Forty-six 
Zeppelins were destroyed in the World War, 
eleven were surrendered to the Allies, seven 



RECORD-BREAKING GLIDERS 
S. Sproule (left) and Flight-Lieut IF B Murray in 
front of their glider after making a resold flight 


were destroyed to prevent surrender, twenty-five 
were wrecked, twenty-one were dismantled, 
six weie lost by unknown causes, and ten nevt i 
left the drawing board 

Britain and the United States have both been 
unfortunate m their experiments with lightcr- 
than-air craft. Britain’s worst airship disaster 
was that of the R 101, which was completely 
destroyed with a loss of forty-eight lives at 
Beauvais, France, in 1930, shortly after the 
commencement of her maiden flight to India 
Previous to that she had lost the NS 11, which 


burst over the North Sea with a loss of seven 
lives in 1919, and the R 38, which was wrecked 
over the Humber with a loss of forty-four lives. 
In February, 1935, the U S Navy dirigible 
Macon, then the largest airship in the world, 
crashed into the Pacific off the coast of Cah- 
lornia Two years previously the United .States 
had lost the Akron with seventy-three men; in 
1925, the Shenandoah 

This recoid ol' disastei has made the British 
and the Americans very sceptical about the 
value of hghter-than-air craft, but Germany still 
places great faith in her Zeppelins 

GERMANY’S AIR ROUTES 
I he Gei man-operated air-roulcs have a total 
length of about twenty-five thousand miles 
Practically every fair-sized town in the Reich 
has an airport from which regular services are 
run The statc-tonti oiled Deutsche Lufthansa 
IS the most important German line 

France, with about ihiity-five thousand miles 
of an lines, is thoioiighlv an -conscious Her most 
piominent aeronautical coinpativ is Air Fiance, 
which, besides extensive European services, 
runs passenger planes to West .Africa and the 
Far F.ast, and mail planes to South America 
Then London-Paris fleet, one of the fastest 
in the w'oild, makes five leturn journeys a day, 
t.iking 1 ] hours for ( ach journey d he all-metal, 
low-wing, cantilever inonojil.uies used are 
known as the Bloch 220 I hey have a maximum 
speed ol 2121 miles pei hour and cru'se at 
two bundled miles per hour at just ovei hall- 
ihrottle T hey aie fitted with two Gnome and 
Le Rhone No 14 supercharged 890 h p 
engines which can carry sixteen passengeis and 
.1 crew ol three to a range of six hundred and 
twenty miles 

WINGS TO THE FAR EAST 
I’he Far Eastern route of An France extends 
foi eight thousand foui hundred miles from 
London via Marseilles and Naples to Damascus, 
and thence across Persia, India, Burma and 
Siam to Saigon in French Indo-China Dewoi- 
tine 338 liners, with a cruising speed of one 
hundred and eighty miles pei hour, are used 
on this route They covet the London-Karachi 
section of the journey in 3j| days and the 
Karachi-Saigon section in a similar period 
Air France’s South American mail service 
extends from London to Chile on the Pacific 
coast, via Pans, Tangier, Morocco, Dakar, 
West Africa, Natal, Brazil; Rio de Janeiro and 
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GLIDER TAKLS-OEF IN THE SNOWY ALPS 

4 glider riling fiom the dopes oj the Juiigfiaujoeh, Switzei land, which reaches a height of owr eleven thousand 
three handled and eighty feet The rope hv means of sshich the glider was launched can be seen in the foreground 


Buenos Aires It Brings Biazil vMthm two days 
oi Pans 

I he Royal Dutch Air Lines, commonly known 
asKLM ('Koninklvke I urlitca-utMaatschappyl, 
ire among the most elhcitiu md piogressive in 
the -world I hey operate a nctwuik of scIVlce^ 
m Euiope and a lar lastcin route to the Dutch 
Last Indies via Athens, Baghdad Karachi, 
Rangoon and Penang, as well as one thousand 
lour hundred miles ol air-iouas in the Wesi 
Indies Their Doughs pi ines armualK cover 
about 5^ million miles, which is equil to two 
hundred and twelve tunes ihi length ol the 
Equator or six hunJied tunes the distance 
between London ind Singapoie 

INVALID-CARRYING PLANES 

'I he Amencan-built Douglas DC! 3 planes 
used b> KLM measuie ninety-five feet wide by 
b4| Icet long, have a top speed of two bundreel 
tnd twelve miles pei houi and a cruising speed 
oi one hundred and seventy-eight miles per 
hour, and can carry a useful load oi eight 
thousand one hundred and twenty pounds, 
including petrol and oil The engines— two 
1000 h p Wright Cyclones — piovide as much 
power as the engine of an ordinary express 
tiain They cany Iwinly-onc passengers on 
the European routes, but only eleven on the 
lar Eastern trips 

The KLM was the first line to provide special 
lacilities for the conveyance of invalids I his 
IS important in view of the fact that aircraft 
has proved in several instances to be the only 


means by which invalids suffering from certain 
complaints e in poss’bly attempt a long journey 
I he invalid-c in uig planes are noiseless, free 
Irom vibiatio’- md iir onditioned 
Oik ot tru most important problems eon- 
fionting aeronautical engineers and disigntis 
for many ' i ars p ist has been that ol I luni hing 
long-r urge aircrilt into the air with the maxi- 
mum load that can ne earned once they are air- 
borne 

THE “ PICK-A-BACK ” PLANE 
The piobliiTi h.is now been solved by the 
production ol the Shoit-Mayo i oin posit c craft, 
which embodies a piinciplc that was first 
txpirimentccl with during the World War, that 
ol launching the luavily laden plane from the 
back of a mammoth earricr-plane It derives 
its name iiom Major R H Mayo, its inventor, 
and Messr'- Short Bros , its makers , and its 
construction was jointly < ommissioned by 
Imperial An wavs and the An Ministry 

The craft consists of a twin-float seaplane 
riding on top of a modified Empire flying boat 
The two machines linked together weigh forty- 
five thousand pounds, and the lowei is five 
thousand pounds heavier th in the upper The 
seaplane is designed to carry one thousand 
pounds ol payload three thousand fiv e hundred 
milts non-stop in still air It rises fiom the 
water on the back of its big sister, but as soon 
as the composite craft has got fully under way, 
It breaks away fiom the flying boat to start out 
alone on its long journey while the latter 
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returns to its base. In July, 1938, the seaplane 
made her first double crossing of the North 
Atlantic at an average speed of one hundred 
and sixty miles an hour 

The flying boat, which is known as the Mma, 
has a broader beam than an ordinary Empire 
flying boat Its wing-span of one hundred and 
fourteen feet is four feet wider and the area of 
the wings — one thousand seven hundred and 
fifty square feet — about sixteen per cent greater 
It IS fitted with four Bristol Pegasus X engines, 
each of which develops 810-850 h p The 
seaplane, known as the Mercury , has a wing 
span of seventy-thiee feet and a wing area of 
SIX bundled and eleven square feet It is 
powered by four Napier-Halford Napier engines 
with a total output of about 1 ,260 h p 

The feature ol the composite craft that called 
for most research and experiment was the 
apparatus that )oins the two machines togethei 

UNHOOKING THE SEAPLANE 

Projecting from the top oi the flvmg boat’s 
hull IS a pylon stiuctuic ot steel tubes, seven 
feet high, bearing a cradle-shaped cross beam 
on which rests the central keel of the fuselage 
of the seaplane The cioss beam contains the 
apparatus for hooking and unhooking the 
seaplane 

As soon as the craft has attained the necessaiy 
height, aerodynamic forces which tend to diaw 
the two components apart come into operation 
This separating tendency is indicated to both 
pilots by special instruments Ihe pilot ol the 
lower component then releases one of the 
locking devices, and when this has been clone the 


pilot of the seaplane releases a similar device. 
The supporting flying boat dips downward, 
and the seaplane moves forward with an upward 
tilt. 

Of late the glider has gathered to itself an 
increasing band of devotees 

At 4 a m on July 9, 1938, a glider was 
launched on Dunstable Downs, Bedfordshire, 
England, and Flight-Lieut W B Murray and 
Mr ] S Sproule, notwithstanding wet, cold 
and hungei, remained m the air for twenty-two 
hours thirteen minutes thiity-five seconds 

HALVING WILEY POST’S RECORD 

As though jealous of this magnificent per- 
formance, a Lockheed monoplane with two 
1,100 hp engines and threc-liladed metal 
propellers was battling its way acioss the 
Atlantic from New- Yoik to Pans, a distance Oi 
three thousand and forty miles It i cached the 
French capital m sixteen houis thirty-one 
minutes, less than half the time occupied by 
Colonel Lmdbcigh m his lecoid jouiney eleven 
years befote On the following dav Mr Howard 
Hughes and his four companions i cached 
Moscow and Omsk, and then proceeded via 
Yakutsk, Fan hanks and Minneapolis to Ntw 
York They had flown fouitcen thousand eight 
hundred and seventy-foui miles toimd the world 
in three davs nineteen hours seventeen minutes, 
at an aveiage speed ol one lumditd and sixty- 
three miles per hour and at a cost of about /'4 
a mile They moie than halved the time taken 
by Wilev Post m his solitary flight m 1933 

Thus m<in rivals the birds — -and his own 
competitois 



ROUND THE WORLD IN LESS THAN FOUR DAYS 
The twin-motored Lockheed monoplane in which Mr Howard Hughes flew round the world in three days 
nineteen hours seventeen minutes The average speed was one haitdred and sixty-three miles per hour. 
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DANGEROUS SKI-ING IN THE 1)1 EAK ANEARtTIC 
•I/I explorer walkiiit’ wet a slope in I he pi i ssiiie ice, wheie pi useless is slim’ and ikiiigeious A smooth blanket 
of snow often coieis a deep < masse, to stip into nhuh might easdv mean death 


DISCOVERING TOMORROW’S 
WEATHER 


I N the British Islts ih'' weather is a d.iil) 
topic of disi ussion Bi itish wi.ului is 
always “ new"'," bceaiise it seldom sums to 
he iioinial, at any late lioni the iwiialK 
aceeyited point o( \iew' Chiistinis Dav will he 
as wairn as Midsummer Dav should he, and 
June, the month ol loses, will he ushered m hy 
the ifales that should has^e oecuried in M.irih, 
but did not 

I he truth of the matter is that since the 
Bt'tish Isles he between a eontinent and an 
ocean, and aie thus the victims ot warring 
atmospheiic influences, they must always have 
eccentric weather 

■Some people assert that British weather 
moulded the characters of the sea-dogs and 
adventurers who laid the foundations ol the 
Empire, others maintain that it was to escape 


the honois of the Biiiish climate that the same 
sailors ,ind colom/iis lelt thin mitivc shorts 
But, le.wing both lugh-llown thconis and 
ivnic.d inic. cnees aside, the weather and its 
vagaries are o( tht greatest piactical nn]xiitance 
to humanity Kveiv ye ir between loui and live 
hundred vessels w lit a gross tonnagt of five 
hundred thousand tons are lost at sea in various 
p.irts ol the woild, mainly owing to unexpected 
storms In twelve months Gieat Britain alone 
h.w lost one hundred and loity ships 

A huge pioportuin ol each veai's aeroplane 
disaaers can be put down to sudden changes in 
the weather Millions of pounds are annually 
lost to .igricultuie because ol unseasonable 
conditions Droughts and downpours alike 
bring death and financial ruin in then train 
Hence the importance of .'iccurate weather 
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forecasting Hence the efforts that are being 
made to loretell not only tomorrow’s weather, 
but that of the day after tomorrow and the day 
after that 

If all storms could be foreseen, few ships 
would lounder, if all fog, few planes would 
crash. If the farmer knew in advance when 
frosts and droughts and cloudbursts were due, 
iewer lives would be lost through famine and 
fewer agriculturists ruined For these reasons, 
the observing, recording and forecasting of 
weatlier have been collectively described as the 
world’s biggest scientific )ob. 



RECORD.S LONDON S SUNSHINE 
A sunshine recordei on the roof of the Meteowhgical 
Department of the British Air Ministry 


The first official weather forecasts issued in 
Great Britain appeared in 1861. The man 
responsible foi them was Admiral I'ltrroy, who 
was then chief of a Board of Trade department 
The service teased at hi.s death in 1865 and was 
not rccomnienced until fourteen years later 
Today over of public money is spent 

every year in Britain on weather-lorccasting 
In the British Isles there are some fifty perma- 
nent meteorological stations where observations 
are taken at certain specified times each day 
Moreover, weather information from more than 
five hundred stations on the continent ol Europe 
IS available to the British meteorologist two 
houis after it has been obtained 
The chaptei entitled ‘‘ Exploiing the Roof 
of the World ” tells of some of the iiioie spec- 
tacular means of obtaining information about 
the upper air 

A time-honoured method is by sending up 
box kites. A typical meteorological apparatus 


of this kind encloses a space ol two thousand 
eight hundred and eighty cubic feet, has a 
frame of straight-grained spruce and is covered 
with muslin This is painted black on one side 
and white on the other,' so that whatever the 
colour of the sky the observer will be able to 
see the kite the white shows up against black 
thunder clouds and the black against white 
clouds or a blue skv It carries instruments 
which record temperature, humidity (the 
amount of moisture in the air) and wind 
velocity 

DUST AFFECTS THE WEATHER 

The kite is attached to miles of steel wire, 
operated by an electric windlass In high flights 
the weight of the wire is often earned by three 
of four subsidiary oi assistant kites The 
maximum height to which they normally 
ascend is about miles It take' two hours to 
bring a kite down from a height of three miles 
The people wdio control the windlass have to 
wear rubber boots and gloves in ca^e a charge 
of atmospheric electricity cornts down the wire 
The dust suspended in the atmosphere pre- 
vents a large proportion of the sun's heat and 
light from reaching the e.iith T'o discover the 
pioporiion of dust in the .itinospherc, “ dust- 
catchers ” are sent up by balloon and plane 
to take samples of the air The dust is d'’positcd 
on sensitive plates and its particles are counted 
undei a microscope Dust sucktd up into the 
air in one pl.icc may affect the w'eathcr hundieds 
of miles away 

It has been noticed that there is some ronnee - 
lion between the appearance ol spots on the 
sun and the amount ol heat that re.iches the 
earth The heat, in turn, seems to contiol 
storms In order to investigate the amount of 
solar heat which reaches the earth, special 
solar obsc'v atones were set up some year' ago 
one on a mountain in Chile, anoiher in the 
deseit »n Anron.i, and a third in the Sahara 

CURRENTS THAT CAUSE CYCLONES 
There is a thcoi’y that currents of polar air 
set up cyclones. Masses of cold, heavy atmos- 
phere move down liom the far north to meet 
warm, moist air moving up from the south 
The cold currents flow under the waim currents 
and force them upwards until they lose then 
heat and their moisture condenses into clouds 
Cyclones, it is believed, ate set up by the 
struggles ol the opposing currents 

The total number ol weather stations, fixed 
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' MEN WHO FORECAST THE WF UHER 

In an ojffice of the Mcteorologiial Department of the British Air Minntiv These experts are collating tin 
injormation reeeived bv wireless from hundieds oj weather stations scattered all over the globe 


and floating, exceeds lorly thousand They aic 
scattered all ovei the lati of the globe in the 
Sahara Deseii, tiu Arctic, the South Seas, the 
vvilds of Mongolia In Baibados .ilone theie aie 
some tuo huiidted meteoiological stations 
I’hat IS because the tsland is at a point wlieie 
atmospheric powers ate always iii deadly 
conflict 

One of the most northetlv pennanent stations 
in the world is that maintained by the Soviet 
fjovermneru on Hooker Island, in the Iran/ 
Joscl Land Archipelago, nine bundled miles 
noith of the Arctic Circle A lonely band of 
devoted workers record their observations by 
radio from bleak and foggy fan Mayen, a 
desolate island between Greenland and the 
north of Norway 

WHERE HURRICANES ARE BORN 

On Laurie Island, South Oikneys, on the 
fringe of the Antarctic, Argentina maintains a 
weather station At the top of Mount Rt'se, 
Nevada, the United States maintains one of the 
highest stations m the world 

On Swan Island, in the Caribbean Sea three 
hundred miles south of Cuba, there is an 


obstrvatoiy which was set up in 1920 by the 
Governments ol the United States and Cuba 
It lies 111 the dang(i-/one in which West Indian 
huincanes oiiginate Many times a day betw'een 
August and November radiograms flash from 
the observ'atoiy to Havana and Washington 
giving liarometnc i eadingsfrom ivliit )i Aineiiean 
and Cuban mrteoiologists are able to determine 
when a hurnrane is on the way 

WHY FORECASTING IS DIFFICULT 

One of iht things which makes the meteorolo- 
gist’s task ol foiecastmg dilficult and complicated 
IS that often the weather obtaining in one 
particular spot is “ made ” at the other side 
of the globe I’hus it is thought that the Indian 
monsoons arc controlled by weather conditions 
in South America The lormation of ice tn the 
Arctic waters north ol Archangel influences 
wcalhci conditions in the middle ol Fiuiope 

It will thus be seen that before weather- 
toiccasting can become anything like an exact 
science it will be necessary to know what the 
weather is doing in every quarter of the globe. 
But there are two regions which were until 
recently practically unknown to meteorologists : 
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the icy regions of the Arctic and the Antarctic 
It has long been known that the atmospheric 
conditions over the polar regions play a very 
impoitant pait in making the woild’s weather. 
Yet it IS only within the last filtcen or twenty 
years that really determined and systematic 
efforts have been made to unveil the weather 
inysteiics ol the icc-capped extiemities ol' the 
earth. 

FOURTEEN EXPEDITIONS SENT OUT 
A big international effoi t to learn something 
about polar conditions was the Second Inter- 
national Polai Year which began in August, 
1932, and ended in Septenibci, 1933 During 
that period observations oi magnetic and 
metcoi ological phenomena weie made at 
regular intervals at a network ol stations all 
over the wot Id 

The First International Polar Year was in 
1882-1883, when twelve countiics sent (uit 
lourteen expeditions, twelve into the Arctic and 
two into the Antaictic 

In 1932-1933 a Intge number of stations were 


maintained north of latitude sixty degrees 
north. Seventeen new polar observatories were 
established, and of these nine were under 
Russian control The Soviet stations weie m 
Franz Josef Land, Novaya Zemlya, and North 
Siberia. The United States had obscrveis at 
Fan banks and Port Barrow, Alaska, and at 
Thule in Gieenland There were British- 
Can.adian stations at Fort Rae and Chesterheld 
in the far north of Canada. 

FLYING IN ANTARCTICA 

International co-opcration between about 
thirty nations made it possible to take simul- 
taneous obscivations at over a huiidred widely 
separ.ited stations and then to compare them 
The Polai Year gi eatly me teased nur knowledge 
.ind undtislanding ol the rn.ignctic, auroral and 
meteorological phenomena not only within the 
polai legions bul m general The knowledge 
thus g.iined was adv.uitageously apjihcd to 

piohlcms (oiinccU'd with Icrresliial magne- 
tism, maiinc and aeiial navigation, wiieless 
telegiaph), .md weathcr-loiecasting.” 



EXPLORED THE ARCTIC IN A SUBMARINE 
Sir Hubert Wilkins, the famous Ausliahan scieiilisl and explorer, at work He is firmly convinced that the 
suhivaiine will prove of in: leasing value in the Arctic and Antai ctic 
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UNDTR-SEA CRAFT THAT ADD! D TO KNOWLEDGE 
The Nautilus, in nhuh Su Hubert H'llkin^ imteU the lulu in 1031 Ohset viitiom of marine londitions 
weic made by opeuiltii!; thioagh a hinged doat at the batioin oj the diving (ompa/tment. 


TliP Second Polrii Ye.ii also dcinonstiati d the 
necessity ol maiiilaiiiiiin at li asl loiic piiniaiunt 
polai weatlur siaiions, uvciity in the Aiciic 
and twenty ui the Aiitaictic 
Till first man to fly an aeiopLiru in Antarc- 
tica was Sii Hubei 1 Wilkins 1 lus li< did on 
November lo, 1929, at ihc beniiinin» ol th< 
first season of his Gr.iham l,aiid ixjiloi.itions 
With the Wilkins-Heaist lApcdition, the in.mi 
object of which was to hnd suit.ible b.ises lor 
the estabhshmi-nt ot ini ti oroloi^iral st ilions 
whence weather repoits could be r.idioed to 
Australia, South Africa and Argentina. 

DOGS PROVED USELESS 
W'llkins had first visited the Antarctic nine 
years befoic with the Ihitish Imperial Anlaictic 
Expedition, the original aim of which w.is to 
survey th'* King Rdwaid Vll Land area and to 
reach t’le South Pole by plane This ambitious 
project had to be abandoned owing to lack of 
support, and the leadens of the expedition 
decided instead to go to Graham Land and to 
travel as far south as they could w’llh dog teams 
Again they weie unfortunate, for when they 


leached the veestern shore of Graham Land 
It was iirmiediati ly obvious from the diflicult 
nanire ol the ten nn that dogs would be useless 
fill explciiatoiv purposes theie The only way 
to car IV out a suivey of the area w<is by an, 
so <iltcr cx|jlonng about thirty miles of new 
coasi-hiie 111 a small boat the expedition was 
disb.uidcd. 

Fl.YING ACROSS THE ARCTIC 
In 1922 Wilkins spent thiec months in the 
Anlaictic with Su Ernest Shac kleton, and this 
experience confiimed him m the belief that the 
actoplaiip could be used there with success 
Hut he first turned his attention to the noith, 
and in 1926 tn.ide an attempt to lly acioss the 
Aictic Basin Irom Point Barrow, Alaska In 
the following y'car he flew foi five hundred miles 
over unexploied icc-pack, and in 1928 made the 
fust aeropl.iiic flight across the Arctic regions 
From Point Barrow to bpilsbergen he coveted a 
distance ot two thousand tw'o hundied miles 
Encouiaged by this splendid perlormance, Sir 
Hubert put every ounce ol energy into organ- 
izing the Whlkins-Hcarst Antarctic Expedition, 
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which left New York in the following 
September and landed at Deception Island 
early in November. 

The first important flight, lasting ten hours, 
was made along the eastern side oi Graham 
Land, Before this time the breadth ol 
Graham Land could only be guessed. Its 
eastern side had not been visited south of 



FAMOUS RFSEARCH SHIP 
The William Scoresby, which rendered valuable help 
to Sir Hubert Wilkins in the Antarctic in 1929. 


sixty-eight degrees south, and no one had ever 
penetrated into the interior 

In assessing the sigmfic.ince of this flight, 
H. R. Mifl points out that “ Wilkins was able 
... to see both coast lines at the same time, 
in the north at least, and to look down upon the 
quite unknown central plateau occupying the 
northern section, thus uniting the work of 
Larsen and Nordenskjold on the east with that 
ol Biscoe and Gerlache on the west 

“ He was able to state that Graham Land 
consists of a northern and southern section, and 
that the southern portion is divided by a wide 
and well-marked strait containing several large 
islands from the Antarctic continent or at any 


rate from some extensive land on the south 
He w.ts able to identify most of the islands olT 
either coast, so far as they had been authorita- 
tively mapped, and to descry other islands which 
had never been seen froiv the surface 

“ All this was possible in the one day,” adds 
the same authority, “ because of the great speed 
and the great height at which he could fly and 
because of his experience in the Arctic of the 
appearance of diflerent ice formations from the 
surface and from the an ” 

JOINED TO THE CONTINENT 
Actually, Wilkins was wrong m supposing 
that Southern Graham Land is separated from 
the Antarctic continent by a strait It is joined 
on to the continent, as was proted by J. R. 
Rymill some years later 
The “ strait ” that was supposed to divide 
Graham Land Irom the land mass on the south 
was christened Stef.ansson Strait, and the land 
ma.ss Itself Hearst Land The name Stelaiisson 
Strait was aliciuards changed to Stefansson 
Inlet. 

A second long flight ovei Graham Land in 
January, 1929, served to confirm the observ.'i- 
tions made on the first flight Alter that Sir 
Hubert decided to postpone kirthcr effort until 
ne.vt season, so he stored his machines and 
supplies in a wai chouse on Deception Island 
and returned to Amenta 

TEN THOUSAND FEET HIGH 

In September he set out once more for 
Deception Island The planes were found to be 
m good condition, although they had been Idt 
partly uncovered and with no one to look after 
them, but Wilkins soon decided that there was 
little point in remaining at Deception Island, 
since an eaily thaw had made taking-off 
conditions very bad He therefore loaded the 
aeroplanes and supplies on to the William 
Scoresby, the use ol which had been granted him 
by the Discovery Committee of the Colonial 
Office, and on December 12 started southwards 
to search for a stretch of flat ice large enough to 
serve as a landing field. 

On the eighteenth the Wilkam Scoresby put in 
at Poi t Lockroy, on the western side ol Wienckc 
Island, and the next day it was found possible to 
launch a seaplane in the Neumayer Channel At 
this point “ mountains reaching to ten thousand 
feet rise almost sheer from the water. About 
their sharp peaks is an almost constant whirl of 
snow. Half-way up their sides the massive 
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COPYRIGHT BYRD ANTARCTIC lAPrDfTtON 11 

FLOOD LIGHTING IN THE LONG ANTARCTIC NIGHT 


A ridge in the pressure ice outlined by magnesium flares They wie set off to light the way in i! e pit eh 
darkness that surrounded the buddings of Little America throughout the long Antarctic night 


cliffs arc so steep that snow cannot cling (o t’.c 
surface, and these cliff faces aie stained <i vaiiet> 
of colours One place, when ilu st.uiis aie 
vividly green, has been iiaineil C’.oppci Moun- 
iJin, but no one has so fai been afjle to reach the 
precipice or investigate its corueni ” 

CONFIRMING OLD DISCOVERIES 
A long flight was made lium the Ncuma^ei 
Ohaiincl to the Weddell Sea on the following 
day, in the course of which manv of the dis- 
(overies made duiing the previous season in 
Graham Land were confirmed 

Immediately after this flight the seaplane was 
hauled aboard the William Scoresbj and taken to 
Beascochea Bay. It was hoped that it would 
be possible to take off iiom the ice there, but the 
surface proved too thin and it was decided to 
push farther south and west 

Late in the evening of December 27 a smooth 
stietch of water was found north of Charcot 
Land The seaplane was quickly launchctl, 
taken into the air and headed towards the 
teriitory which bore the name ol the famous 


French cxploiei 1 his was Wilkins’s first 
long flight ovci patk-ue far from land, and was 
undci taken at lonsiderable iisk Anv attempt 
to come down on the water would have been 
disastious, since small Iragmenls of ice would 
have wrecked the plane 

At tin comment cniLiit of the flight the plane 
inaiiitaiiK d a height of two thousand feet, but 
within less than ,ui hour it was flying at fve 
bundled feel iindei a heavy grey mass Shoitly 
ahcrwaids falling snow was encountered, Joicing 
the plane down to less ihiii five hundred feet 

FORCED TO TURN BACK 
This was decidedlv nerve-i acking, for the 
simple but sufficient leasoii that Charcot Land 
was known to be over two thousand feet high, 
.and the plane might at any moment have 
crashed into it in the fog “ The compass was 
running wild There was only the grey blank 
wall ahead ” The occupants ot the machine 
were afraid to make a sudden turn since the 
consequent loss of heujht would have put them 
in danger cl running into icebergs 
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Then the unexpected happened. Beneath the 
plane Wilkins saw an expanse of ice without a 
crack in it, and he gave the pilot the order to 
turn 

Probably only )ust in time, since as Wilkins 
tells us, “ I thought I caught a glimpse of the 
dark cliffs of Charcot Land looming dimly 



SIR DOUGLAS MAWSON 
Leadei of the Antarctic expedition known a\ Banzare 
which did valuable work in 1929-1930 


through the ha/e It was hcart-bi caking to 
have reached the land we sought with gas 
(petrol) enough to take us at least two hundred 
miles farther and then be forced to turn Iiack ” 
Considerable difficulty was experienced in get- 
ting back to the Wilham Sioresbji The compass 
remained unsteady for some time, and as the 
aviators were forced to fly beneath low clouds 
they were unable at first to get a reliable 
observation for position, speed or drift But 
they finally emerged into an area ot sunshine, 
which allowed them to take observations and 
check their course, and they were soon m sight 
of the ship. 


Another flight was made on the twenty- 
ninth. This time wcathei conditions were much 
better. Eighty minutes after leaving the WiHtam 
Storesby the coast was reached, and Wilkins 
immediately photographed it with a movie 
camera. Theieaftcr he made a thorough aerial 
survey ol Charcot Land, which he discovered to 
be an island As the plane was fitted with 
pontoon gear landing was altogether out of the 
question. 

CLAIMED FOR GREAT BRITAIN 

To strengthen long-standing Biitish claims to 
this area, the e.vplorer dropped the Union Jack 
and a document claiming the leriitoiy lor Great 
Biitain 

The flight lasted lor just over four hours, 
duiing which lime three new islands weie 
lound, two bundled and filty inik s o! the coast 
ol Hears! Land were surveyed, and one hundred 
and lilty nnhs oi the coast ol Charcot Land wen 
outlined lo have done these things from the 
surface might have taken a rn.itter of sevcial 
years 

On Tebruary 1, 1930, a last flight was made 
over the ice-pack Weather conditions were lar 
horn lavouj.ible and tlu explorers tcmpoiariiy 
lost their beaiings in the r louds and snowstorm 
At one point, )ust altr i i rneigiiig bom a storm 
which had caused gi e.it .inxielv, AVilkins and 
his com|)aiiioii saw ,i luiinbr i of seals lying 
“ like dead flies upon a huge white sheet ” 
When the pi. me passi d above tlieru they rolled 
la/ilv cner on their backs and waved llieir 
flippers “ as il in a fiie-ncllv gieeting ” Wilkins 
remarks th.it ■' the sight ol these living cre.ituns 
upon the loi bidding lei -p.ick somewhat relieved 
It ol its icnisrs and gave us eomlorl ” 

DECEIVED BY PENGUINS 
A little later Wilkins looked down and to his 
amazement saw, as he thought, two men running 
for their hv'es 'Ehc “ men ” proved to be 
emperor penguins, but they looked exactly 
like the pi mil rive people Wilkms had seen 
lunning away in leiror liorn the Graf Z^ppelm 
when It flew over the wastes of Siberia on its 
round-the-world flight 
Of the ernpeior penguins, Wilkins remarks 
“ We could not help but laugh loudly at the 
comic figure they cut . Never once did they 
hesitate oi stop to look around. With their 
broad backs towards us, their bodies swaying 
like pendulums, they hurried from the thunder- 
ing noise of our engine We lelt them with the 






ICE-CAKE MAKES AN UNS7ABI E FERRY 

Th'o of the new of the Morrissey whuh made a tup in'o the 4i<ln foi the Philadelphia Academy oj Natural 
Sciences paddling Jtom the ship to an aland »n a float my uepan 


improssion lliat they would run on I'oi evci ” 
Sii Hulieit and his paiiv loft I In Cftlion Island 
lor Montevideo and huinc in Ftbruarv, 1930 
OvMiig to the smallness and inobilits ol the 
expedition, and thi help meix-d hotn tlu 
Wdhani Stnreshf, the eoM ol the t\so siassiiis' 
tvoik in the Antan tic did not exceed ;(,1 j,000 

AEROPLANE VERSUS SEWMARINE 
With regard to the question ol pei inanent 
meteorological stations south of latitude seventy 
degiees. Sir Hubert Wilkins came to the con- 
clusion that It would be hardly possible to 
establish yearly boat communication with a 
permanent base on the coast line near longitude 
one hundred degrees w est But since it is essential 
to the comprehensive study ot Antaictic weather 
to have a station in that neighboui hood, another 
means ol communication must be found 

Sir Hubert considered that aeroplanes would 
not prove satisfactory loi this purpose, since 
“ the chance of finding clear weather conditions 
together with favourable seas for a take-off 


v'th great loads is so iinceitaiii as to in.ike that 
meihod ol establishing and maintaining a base 
uiieconoiiiical ” 

III his opinion submanne communication 
offeied a solulion ol the dilTiculty A submarine 
eould go until 1 tin itt-pack and come up near 
the land or at the solid edgt of the ice shell 
icebeigs might cause trouble, but they would 
not. Sir Hubcit thought, be impossible to cope 
with 

UNDER ARCTIC ICE 

He finally concluded that “ some time m the 
not distant future the submaiiiK will help solve 
the many dilficulties ol establishing b,iscs and 
carrying out detailed scientific work in the 
Antarctic as well as in the Arctic 

Not content with thcoii/ing on this point, 
Sii Hubert, on his return to America, purchased 
an obsolete United States Navy submarine 
The craft, slightly altered, duly ciossed the 
Arctic Circle m the summer of 1931. 

The ftautdus, as rt was called, left Spitsbergen 
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on August 18, thereafter spending three weeks 
in the pack ice. By operating through a hinged 
door at the bottom of the diving compartment 
it was found possible to make oceanographical 
observations at ten stations These were made 
quickly and easily during very bad weather • 
the sort of weather, m fact, which would have 
made similar operations from a surface craft 



IN BLEAK SPITSBERGEN 
The gaunt stone at Ny-Aalesund, Spitsbergen, which 
commemorates the Amundsen-EUsworth Expedition 


virtually impossible Moreover, some of the 
results obtained could not, in any circumstances, 
have been achieved from the deck of a surface 
vessel 

Soon aftei the Nautilus had reached the ice 
It lost its diving rudders, a mishap which made 
It difficult for It to make headway beneath the 
floes Despite this, the enthusiastic scientists 
were able to remain long enough in the Arctic 
regions to establish the fact that there was no 
reason to suppose that a submarine could not 
operate there with safety Yet another aid to 
exploration had been added to the list 

While .Sii Hubei t W'ilkiiis was filling in gaps 
in the maps of Graham Land in 1928-1929, 
Sir Douglas Mawson was canying on research 
work in another region of Antarctica • Endei by 
Land and its neighbourhood 

Enderby Land, in the African quadrant of 


Antarctica, was discovered in 1831 by John 
Biscoe, the captain of a British sealing ship. 
He did not land there . he only caught sight of 
Its mountains from a distance of twenty-five 
miles out at sea, and although in the intervening 
years several attempts 'were made to reach this 
land it was not seen again until the summer of 
1929-1930 In that season two expeditions, 
one British, the other Norwegian, ventured 
south to discover something of this mysterious 
area 

The first, under the leadership of Sir Douglas 
Mawson, was sponsored by the British, Austra- 
lian and New Zealand Governments, and was 
fiom this circumstance known as Barizare — the 
first four letters standing for the countries and 
the last three for Antarctic Research Expedition. 

IN THE PACK-ICE 

During Its first season it succeeded in out- 
lining the coast of the Antarctic continent from 
longitude forty-nine degrees east eastward to 
the sixtv-seventh meridian and indicating the 
existence of land still further east fEnderby 
Land lies between longitude fifty degrees and 
longitude sixty degrees ) 

Banzare sailed from Cape Town on October 
19, 1929, in Captain Scott’s old ship, the 
Discovery After a storm) jiass.ige. Possession 
Island, in the faozet gioup, was reached on 
Novembei 2 'I’hen .ilu r the Discovery sailed by 
way of Kerguelen Island, where it coaled, and 
Heard Island, where scientific observations 
were made, to enter the pack-ice in the neigh- 
bourhood of the eightieth meridian, in the 
second week of December 

On December 26 sohrl, unbioken floc-ice 
was encountered, preventing further progress 
to the south, so the ship was tumid northwards 
again in the hope that it would be found possible, 
after retreating a short distance, to make 
progress to the west On the last day of the 
year, the weather being fine and the visibility 
good, an aeroplane ascent was made From a 
height of five thousand feel, land w;is obscived 
about fifty or sixty miles away 

MAC ROBERTSON LAND 

Another ascent was made five days later. 
Land was seen at a distance of not more than 
thirty miles It " piesented,” says Sir Douglas 
Mawson, “ a magnificent spectacle from the 
air East, west and south high ice-covered land 
extended to the horizon Pe.aks were observed 
to break through the general surface at intervals. 
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AMUNDSEN’S DESERTED HANGAR IN THE DESOLATE NORTH 
All that remains o/ the hani^ar oj the diiigible Norge at Nv-AalesunJ, whence Amundsen started on the 
fit St airship flight across the North Pole on Mav 11, 1926 


but in the main it is an ice plateau that rises 
steadily to the south ” 

Onjanudty 12, 1930, the /Diffwvrv approached 
within a few miles of K< mp Land, an aiea called 
after the man who first sinhtcd it in 1833 
Thereafter the expedition surveved and 
mapped Endeiby Land lo the west of Kemp 
Land, and Mac Robeilson Laud, to the cast ol 
Kemp Land The last-mentioned had never 
been seen hefoi ( Sit Douglas tin rcioie n.uned 
It altei Mi Macpheison Robertson, of Mel- 
bourne, to commemorate the linancial .issislance 
he had given to Baiuaie 

AIR FREE OF DUST 

Towards the end ol Januaiy the lc\( 1 ol the 
coal in the buiikcis btgaii to get dangeiously 
low, so Sir Douglas was reluctanllv foieed to 
turn north to Kerguelen, the nearest place 
where it was possible to re-coal By the time 
this had been done, it was out of the question 
to continue operations in the pack-ice /one, 
and when a senes of gales swept the Kerguelen 
region it w'as decided to make lor Adelaide 
The scientists of this expedition collected 
much valuable Information about the weather 
Dpper-air movements were studied by the aid 
of pilot balloons, thirty-foui ol which weie 
released. The greatest height attained by these 
was fifty-three thousand two hundred feet 
It was discovered that, with the sun at the 
same height in the sky in the two places, the 


Antarctic air let iluough one and a half times 
as much heat is ih.it of ihe Australian Bight 
The differciue is mainly attributable to the 
ptcscnce ol dust particles in the Austialian 
atmospntic Lxhauslive experiments shewed 
thr.i the Antaictic an was free ol dust 

On boaid the Dtiruvery was an ce ho-soundiiig 
machine with which about seven hundred and 
hftv soundings were made, a huge proportion 
■ a them off the coast ol Antarctica 

1 he record of the weather conditions experi- 
enced in Ban/arc's fust siason makes interesting 
reading One notes with surprise that the 
minimum temperature recorded during fine 
W'C.ithei was only twenty degrees Fahrenheit 
The temperatun was usually louiid about 
thirty degiec- fahrenheit, and it ran Iv fell 
below lwent)-fiv'e degrees Falnenhcit Thete 
was, on the other hand, eompaiatively little 
sunshine During December the sun shone foi 
only seventy-five houis out of a possible seven 
hundred 

WHALING GROUND DISCOVERED 
A particularly valuable part of the expedi- 
tion’s reseat ches was that concerned with the 
biological sciences. As Sir Douglas Mawson 
himself says, ” All life in this new region is 
obviously of great interest not only to abstract 
science but to economics.” 

Off the coast of Enderby Land a whaling 
ground was discovered A number of Weddell 
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seals were encountered close to the shores of 
Antarctica, Ross seals and sea leopards were 
observed basking on the pack, and crab-eater 
seals were seen everywhere in the pack-ice. 

Bird life was carefully observed and much 
information was gleaned about the inhabitants 
of the Antarctic deep To obtain samples of 
the latter nets were sent down on various 
occasions to depths of over a mile. 



SCOTT’S OLD SHIP 

The Discovery, Captain Robert Scott's old ship, 
which took the Banzare Expedition to the Anlautic. 

Late in 1930 Sir Douglas again sailed south, 
and early in the New Yeai v\as at Cape Denison, 
on Commonwealth Bay, wheie the Australian 
Antarctic Expedition of 1911-1914 had its 
base A magnetic hut which had been erected 
there twenty veais previously was still standing, 
so Sir Douglas 1 e-occupied it and lot twenty-lour 
hours carried out a continuous senes of observa- 
tions. When compared with those taken in 1912 
they showed that the South Magnetic Pole had 
moved about one hundred miles nearer to the 
hut m the interval. 

The Norwegian expedition mentioned earlier 
as having visited Enderby Land waters about 
the same time as Banaarc, began operations in 


October, 1929, and returned to civilization in 
the following March. The aeroplanes and other 
equipment were carried in the Norvegia, and the 
leadership of the expedition was in the hands 
of Commander Hjalmar Riiser-Larsen. The 
whole project was financed by Consul Lars 
Christensen, the owner of the research vessel. 

VOYAGE ROUND ANTARCTICA 

Geographical discoveries of great interest 
were made, and to the new lands added to the 
map the names Queen Maud Land and Crown 
Princess Maltha Land were given Altogethci 
alxiut five hundred and seventy nautical miles 
ol new coast line were mapped The Norvegia 
cruised seven thousand six hundied miles, 
partly in waters never navigated before 

Meteorological oliservations were made sys- 
tematically throughout the voyage, I he speed 
and direction ol the diiit ol the ice-paek were 
studied, the seasonal variation ol the pack 
under the influence of cun cuts and winds was 
noted; and the movements ol icebergs were 
measured 

In October, 1930, the Noivegta again sailed 
fiom Cape Town lor the vast wilderness ol the 
Antaiclie She was undei the command of 
Ma|oi Guiinai Isachsen, .md the mam object 
of her personnel was to make a study ol the 
number and distribution ol whales In order 
to do this a ciuumnavigation ol Antaicticn, 
iinoKing a \ovage ol fifteen thousand miles, 
w.is m.ide between October 19, 1930, and 
Ecbruaiy 7, 1931 

CLAIMED FOR NORWAY 

On the last-named date the ship attained a 
point 111 the All lean sector of the Antaictic, 
between the two lauds diseoveied by Riiscr- 
Laisen the previous season, which rcjjiescnted 
the farlhe-st south so far attained in this segment 
The previous record was attained in 1922 by 
the Qued, under Commander frank Wild, who 
had succeeded to the leadership of Shackleton’s 
third expedition after the latter’s death on the 
island ol South Georgia 

Alter completing the circumnavigation, the 
Norvegia was taken over by Commander Riiser- 
Larsen, wdio then, with two aeroplanes, began 
the exploration ef the one thousand three 
hundred mile gap of unknown coast line between 
Queen Maud Land and Crown Princess Martha 
Land In February, 1931, Larsen reported 
that he had discovered and mapped Irom the 
air a further stretch ol coast, which he claimed 
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for Norway as Ragnhild Land, after Crown 
Prince Olaf’s daughter. 

The Norvegia finally returned to Sandefjord, 
Norway, on May 15, 1931, almost four years 
alter she had left home waters During the 
intervening period she had covered fifty-six 
thousand nautical miles, made geographical 
discoveries of first-rate importance, and col- 
lected an enormous amount of scientific data, 
including much of value to the meteorologist. 

TO THE NORTH POLE 

The Xnrvegia expeditions carried out their 
work quietly and inexpensively, and leceivcd 
no great pulilicity in the newspapers of the 
wot Id In this they stand in stall ling contr.ist 
to the Antarctic expeditions of Commandei 
(afterwards Rear-Admiral) R E Byrd. The 
latter were launched at colossal expense and 
wcie t.irried through in a blaze of pubhritv 
They were as typically American as the 
Aori'egia's were typically Scandinavian 

1 he idea ol leading ,in expedition to the South 
Polar legions first occuried to Commander 
Byrd in May, 192C, on the day on which he and 
Flovd Bennett made the fust Might to the Noith 
Pole fioin Spilsbeigen 'lh.it night he and his 
companion had dinner with Amundsen and 
Lincoln Ellswouh, who were about to set out 
111 the airshi|i J^orge with a similar object in 
view, m which they succeeded. 

Tow .lids the end of the meal, Amundsen 
s.nd “ Well, Rvrd, v\hat shall it be nt.u ’ 

“ The South Pole,” replied ilu Americ.ni, 
but he w.is only hall-serious 
Amundsen took him .it his word, saying 
“ A big job, but It ( an be done You have 
the right idea, the oldci oidei is changing 
Anciaft IS the new' vehicle for exploiation It 
IS the only machine that can beat the Antarctic ” 

AMUNDSEN OFFERS ADVICE 
! Then the veteran cxploier, who had already 
discovered the .South I’ole and made his v\.iy 
through the hazardous North-West P.issagc in 
a tiny sloop of forty-seven tons, gave Bvid 
advice as to how he should piepaie foi the 
venture 

Byrd had previously arranged to fly the 
Atlantic in 1927, and it was not until he had 
accomplished this feat th.it he was free to make 
preparations for the Aiit.nctic trip. 

He decided to establish his b.tse at the Bay 
of Whales, mainly because Amundsen, who had 
himself used it, assured him that it would be a 


good place from an aeronautical point of 
view and also because it was surrounded by 
unexplored areas. 

In Its equipment and planning the expedition 
was the most ambitious that had yet been 
undcit.aken The total cost was some ,{)200,000, 
about one-third of which went to purchase two 
ships the wooden City of New York, of five 
hundred and fifteen tons, and the iron Eleanor 



PUT NEW LAND ON THE MAP 
Commander Hjalmar Rtaer-Laiien, discoverer of 
Queen Maud Land and Ciown Prioress Martha Land 


BoUing, of eighi hundred tons. The personnel 
numbered eighty -thiee The scientific stalT 
included two meteoiologists from the United 
States Weather Bure.m, a geologist, a surgeon- 
biologist, and a physuist 

In S( plcinber, 1928, six hundred tons of 
supplies and equipment were shipped to New 
Zealand in lour vessels, and on December 2 the 
City of ,\cw lark, containing the shore p.trty 
with its equipment, left Dunedin for Antarctica 
She an ived in the Bay of Whales at the end of 
the month. The temaindei of the expedition's 
supplies followed in the Eleanor Bolling shortly 
afterwards The equipment included three 
aeroplanes one threc-engmed, 1 ,000 h p Ford 
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named the Floyd Bennett, and two 425 h p 
monoplanes christened respectively the Stan 
and Stiipet and Virginia 
After having made a vain search foi Amund- 
sen’s old hut, Byrd selected a site for his base 
m the south-east corner of the Ross Sea about 
eight miles from the open waterway Building 
materials, stores and supplies were transported 
from the City of New York to the base by sledges 
drawn by dogs Each dog pulled about one 



WOODEN POLAR VOYAGER 
The five hundred and fifteen ton City of New York, 
one of the vesseh of Byrd'i first expedttton 


hundred and fifty pounds, and on one day 
thirteen dogs transported three thousand five 
hundred pounds from the ship in two trips 
The animals travelled no fewer than twelve 
thousand five hundred miles m transporting the 
ships’ cargoes to the base 

The base-camp, which was known as Little 
America, resembled a small village The 
principal structuies in it were the administration 
building, the mess hall and the Norwegian 
house. The first two were portable houses 
which had been designed and constructed in 
America. Divided into sections measuring 
three feet fay eight feet and weighing one hun- 
dred and SIX pounds, they were capable of 


being assembled by two men. The walls, four 
inches thick, consisted of layers of building 
board, paper and insulating material 

The danger of fire had to be carefully guarded 
against, since had the buildings been destroyed 
during the winter complete disaster would have 
overtaken the party For this reason the main 
buildings were placed two hundred yards 
apart, making it impossible lor fire to cjiread 
from one to the other 

BUILT OF CRATES 

Forty yards from the mess hall there W'as a 
machine shop and storehouse for the aviation 
mechanics, and half-way between the mess 
house and the administration building there 
was a radio store-room Both strut tines were 
m.ide out of the crates in which the aeroplanes 
had arrived 

The radio laboratory was in the corner of the 
administration building, wheie also the expedi- 
tion’s library of three thousand books was kept 

In preparation for the long polar mghl, when 
It would only rarely be possible for the men to 
go out of doors, a system of tunnels was con- 
structed to enable undei ground t oinmuiiication 
to be maintained between all thr buildings of 
the camp 'I lit sc tunnfls had a farther value, 
in that they enabled the rriLii to move about and 
get exercise 

On one of the fiist suivey flights, made on 
Jaiiuarv 13, 1429, Bvrd niadt sr vital interesting 
geographical discover les, including an inlet 
thirty miles west ol the Bay of Whales It is 
possible that this had been sighted by the British 
Antarctic Expedition of 1410-1913 Hoivever 
this may be, it was given the name ol Lindbergh 
Inlet 

FIRST BIG DISCOVERY 

Twelve days later, accompanied by a pilot 
and a wireless operator, he fleiv north-east 
towards Scott’s Nunatak About fifty miles west 
by south from this point he discovered a moun- 
tain range and named it the Rockefeller 
Mountains This was the first big discovery of 
the expedition Further flights enabled the 
explorers to discover the extent of the range 
and no fewer than forty peaks. A photographic 
survey of the coastline and the country in the 
neighlaourhtiod of the mountains was made by 
Captain McKinley a few hours after Byrd had 
returned from his second flight on February 18 
Byrd directed McKinley’s plane by radio from 
the City of New York 
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HEADQUARTERS OF THE GREATEST EXPEDITION TO ANTARCTICA 
How the base-camp looked soon ajter Bvrd leltirned to Little America aftei an absence of four yeais The 
hut was elected in 1934, as nyt also the meteoiolofttcal station behind it 


On Match 7, 1929, Dr Laurence M Could, 
the geoloiTist, set of! on a flight to the Rockd'dler 
Mountains \Mtli two companions VVinlci was 
fast approadiing and R^rd liad doubted the 
advisability ol letting (iould go, so th it when 
no messages were received honi linn after an 
absence of scv'eial davs, Rvid oidiied a pi in< 
to be got readv tbi a starch, Init it was not until 
March 19 that the weathei dr.ncd sullicieiitly 
to allow the rescue-plant to set out 

WRECKED BY A HURRICANE 
After rnoic than an hour’s flying, Gould’s 
party was sighted near a laigc basin at the loot 
of a mountain, one hundied and tvventv-live 
miles from the base 

All thiee men were safe and sound, but their 
machine was wrecked It had been torn horn 
Its anchorage by a hurricane travelling at one 
hundred and fifty miles an hour, lifted into the 
air, blown backwards foi half a mile, and then 
dashed against the ice It was obvious at a 
glance that it would never fly again 

After the disaster Gould’s radio-operator had 
assembled the emergency w'lreless set, but 
though they were able to receive messages fiom 
the base and even to hear Byrd discussing their 


abscnti with opciators in New York, thev w'ere 
unable to sind out aiiv messages themselves 
Shoitlv aftLi Ills aiiival at Gould’s tamp, 
Bvid sent G.mld’s two companions back to 
1 ittli Arneiica in the rescue-plane, he and 
Gould remaining behind. They wete rescued 
by ail on Maich 22 

Dm mg his shoit sojouin under the Rocke- 
feller Mountains, Rvid was able to communicate 
not only with Little America but also with 
Dunedm, New York, and dog tc.irns on the trail 
This was iionic in view of the fact that he and 
Gould wtie beyond the reach of immtdiate 
assistance 

UNDER THE SNOW 

This was the last flight made before the 
exploiers reined to spend the dark winter 
undei the snow at Little America The sun 
returned in August, and then active preparations 
were begun toi Byrd’s flight to the South Pole 
On Nov'cmbcr 24, 1929, a p.iuy of five men, 
with Gould at then head and with fifty-four 
dogs, set out on a sledge journey in the direction 
of the Queen Maud Mountains T heir purpose 
was thiee-fold to wireless weather reports to 
Byrd at the base, so that his gieat flight might 
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be begun when the elements were favourable; 
to be at hand to rescue the polar fliers in case 
of a forced landing, and to make a geological 
survey of the Queen Maud Mountains and 
parts of the surrounding country. 

A favourable weather report having been 
received from Gould at noon on November 28, 
1929, Byid took off for the South Pole at 
3.30 p.m. on the same day. His machine was a 
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BACK FROM A SURVEY 
Byrd descending from the Curtiss-Vi right plane in 
which he made exploraloi v Jhghts 

threc-cngined Ford witli a range ol one thousand 
seven hundred miles '1 he distaiire to the Pole 
was about eight hundred miles, but it w.is not 
proposed to fl\ there and back non-stop A 
store ol luel had been laid down at the loot ol 
the mountains, so that the plane could descend 
and refuel on its return )Ourney 

The plane was navigated by Hyrd and 
piloted by Bernt Balchen, a N'orwtgi m ol wide 
cxpeneiicc and great skill in the handling ol 
aircraft Also in the plane weie a wireless 
operator and a suiveyoi 

The question that mainly occupied the minds 
of the airmen as they sped toivards the Pole was, 
“ Shall we be able to cross the Queen Maud 
Mountains in safety^” Theoretically, it was 
just possible lor them to do so, but grave doubts 
were entertained. 

They had provisionally decided to cross the 


range through the pass of Axel Heiberg Glacier 
“ The structural nature of the head of the 
pass was of prime importance,” writes Byrd, in 
LtHle America “ We knew from Amundsen’s 
descriptions and from what we could see with 
our own eyes that the pass was surrounded by 
tow'cring peaks on each side, extending much 
higher than the maximum altitude of the 
heavily loaded plane But w'hethcr the pass 
was wide or narrow, whether it would allow 
us room to manoeuvie in case we could not rise 
above it, whether it would be narrow and 
running w'lth a torrent of down-pressing wind 
which would dash a plane, already hoveling at 
Its peak of maximum elhciency, to the glacier 
floor — these weie things, naturally, we could 
not possibly know until the issue was directly at 
hand.” 

LIGHTENING THE PLANE 

A closer examination of A.vel Heiberg Glacier 
gave the cxploreis the impression that it was 
both too high and loo nairow Fhey theielorc 
turned to the light and made lor the pass ol 
Liv Glacier m the hope that it would display a 
less threatening aiipe.irancc 

Byrd tells us that “ the floor of the glacier 
lost sharply in a senes ol ice falls and terraces, 
some of which were vtell above the Itheii) 
altitude ol tilt pi, me 1 best ghicial waitrlalls, 
somt ot whieli wtie lioin two hundrtd to loin 
hundred feel high, seemed more beaulilul than 
any precipitous stream I havt ever seen 
Beauliful ves, but how ludely .intl with what 
hnality they would deal with steel and dura- 
lumin that was kited to collide with them at 
one hundred miles per hour ” 

They only just managed to get tliiough the 
pass alter they had lightetied the plane by 
dropping two huiidied and fifiy pounds ol 
food through the trap-door in the floor of the 
cabin. 

AT THE SOUTH POLE 

Flying at a height ol between ten and eleven 
thousand feet above sea-level and at a ground 
speed ol ninety miles an hour, they covered the 
remaining three hundred miles that separated 
them from the Pole in about 3i hours, arriving 
there at 1 14 a. m (Grcenvvich Civil Time) on 
Noy'cmber 29, 1929. The temperature was 
fifteen degrees below zero. 

After photographing the plateau in the 
vicinity ol the Pole, they turned for home 
They had no difficulty in negotiating the 
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UNLOADING TUF JACOB RUPPCRT W THb ROSS SLA 
The Jacob Ruppcrt, flagihip of Admiial R E Byrd s Second intnutic Expedition The cargo included 
one hundred and sixty sledge huskies, thiee tOK’5, a tiactor, an autogiio. three planes, radio, oil and fuel. 


mountains since the plane was very much 
lighter on actourit ol us i educed fuel-load 
Before 5 a in they had made a sinonih landing 
at the rcluelling depot, and li'. 10 a in th< y 
wcic back at lallle Amenca, ha\ing ro\ercd 
one thousand seven hundred miles m nineteen 
houts. 

On Decemhei 5, 1029, R>rd and McKinIt s 
set out on a stirst'i (light ol the areas lieccmd 
King Edvsaid Vll Land. A|iproMmalely two 
houis after taking oil a most iinpoitanl contri- 
bution to geographit.il knew ledge Mas made 
A range ol mountains extending lot .it le.ist 
two huiidicd and fiftv miles liom north to 
south Mas discovered beyond the Alexandra 
Mountains. 

RECORDED BY CAMERA 

Half an hour later they passed the edge of the 
shelf ice and crossed the one hundred and 
fiftieth meridian, the eastern boundary of the 
British claims “ We were,” says By rd, “ advanc- 
itig at the Tate of one hundred tnvles per hour 
over an area which had been unseen before, 
unknown and unclaimed. Here was the 


lorn.inte ol geographir.il i \-|)loration , .tnd seeing 
tins land at List, aftei so much hoping and 
irvmg, bioiiglil deep s.iiisf.iction J'he mysterv 
to the eastwaid was licgmnmg to yield Aviation 
w.is doing wh.it suilare rr.ift had loi many 
veais been finlmg to do Best of all, every foot 
of this .irea was lieiiig leioided pietisely and 
111 Its lull ptispcctive in McKinlev's camera.” 

ANTARCTICA’S CGNCE.ALED COALFIELD 

Furihei on, he writes “ Of all the flights 
I have evei made , none was so full of excitement 
and profit as this one here was the ice 

n,ge in Us chill flood tide Here was a continent 
throttled and overwhelmed Htie was the 
lifeless waste liorn of one of the greatest periods 
of refngeiation that the earth has evet knowm. 
Seeing it, one could scaicely believe that the 
Antarctic was once a warm and Itrtile climate, 
with Us own plants and trees of respectable size.” 

A foul hundred mile stretch of the Earner 
line and roast line was suiveycd and mapped 
by McKinley The photographs yvrovide a 
valuable record of ice conditions in 1929 
Byrd called the new range he had di-scovered 
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the Edsel Ford Range and the new land he 
christened Mane Byrd Land. 

The geological party under Dr. Gould 
returned to Little America on January 19, 1930, 
having in three months covered over one 
thousand five hundred miles by sledge Gould 
mapped one hundred and seventy-five miles ol 
the Queen Maud Range, collected an immense 



PREPARING FOR A FLIGHT 
Dr Thomas Poulter (left), an authority on cosmic 
rays, loading instruments on to Miss America. 


number of geological specimens, and claimed 
all land east ol the one hundred and fiftieth 
meridian foi the L iiitcd .States 

On Mount Nansen, which was climbed to a 
height of SIX thousand five hundred leet. Beacon 
sandstone was tound This, according to Sir 
Edgeworth Davad. goes to prove when other 
discoveries are taken into considet .alion that 
the ice-capped South Polar Plateau conceals a 
coalfield of one hundred thousand square miles 
On February 18, 1930, the City oj New York 
arrived in the Bav ol Whales to take the 
explorers back to civili7ation, and less than 
twenty-lour hours later she was heading out to 
sea again with seventy-two men, sixty dogs and 
the scientific instruments and records of the 
expedition. The aeioplanes, the buildings and 


the greater part of the ordinary equipment were 
left in Little America. So came to an end the 
work of the greatest expedition that had so far 
gone to Antarctica 

Byrd dislikes the practice of referring to the 
work of himself and his companions as the 
“ conquest ” of the Antarctic “ The Antarctic 
has not been conquered,” he says “ At best 
we simply tore away a bit more of the veil that 
conceals its secrets An immense job yet 
remains to be done (it) will probably 

remain for many years to come one of the great 
undone tasks ol the world.” 

BEEF FOUR YEARS OLD 
Admiral Byrd returned to Little Amciica in 
January, 1934, foui years aftei his first expedi- 
tion had finished its work thcie Two ships, the 
U S coastguard cuttei Bear and the cargo- 
vessel Jacob liu/ipert, tiansported the seventy 
memlieis ol the expedition, as well as its 
aeroplanes, dogs, scientific equipment and 
stores to the southern seas 

When the exploiers reached the site ol Little 
America they loiind that all the buildings were 
bulled deep in snow and ice Alter digging 
down three oi four leel one ol the men " broke 
through a shill oi h.iid blue ice, and uncovered 
the tarpaulin roofing ol the oltl balloon station 
In shoit order he droii .i hole through that, 
and disappeaied In a little while vse he.ud him 
chuckling We plunged m aitei him ” So runs 
Adnninl Bvids .itcoiini ol how entiantc was 
gamed to the adininistiation building 

The building was much .is tiny had Icfi it 
four years btlore, e.xcept that the root had 
sagged undei the ciushing weight ol ice I'hev 
lighted .1 lamp that had been left behind, and 
by Its glow saw the rem.iins ol a lunch that had 
been begun in I’ebiuarv, 1930 “ a coffee-pot, 

a piece of loast heel with a loik stuck in it, and 
half a loal ol bread ” 

STORES BY THE TON 

A second party loiced a w.iv through the 
roof ol the photographic laboratory into the 
mess-hal), the rool ol w'hich was undamaged, 
despite that six feet oi snow and ice had 
accumulated on it. While the men were looking 
about them the telephone rang, and a little 
later the electric lights went on — after four years’ 
A fire was made in the kitchen stove to warm 
frozen fcxid that had been left in the cooking 
pans in February, 1930. The men ate it, finding 
It as good as ever 
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( DM RIGHT BYRD ANTARCTIC It^PBDniOM II 

PLOTTING A WEATHER-CHART AT THE BASE 
tv C Haines, one of the nietcoi oloftical experti who travelled south »tth Bvid’s .second Antaiclic (xpedttion, 
plotting a weathei -chart at Little America The expedition's equipment was as complete as money could make it 


The re establishment of Little America was a 
long and difTiciilt task since it invoked the 
transport of six hundied tons of stoics over six 
miles ol the barrier ice 

A few weeks after the landing at Little 
Amcnca. the jaenh Ruppeil left lui New Zealand 
with the expedition’s doctor on board His 
health had begun to fail, and he could not iisk 
spending the winter iii Antarctica 

Admiral By'rd then broadcast an appeal lor 
help in getting another doctor to Little .America 
befoie the sea was closed bv ice The R R S 
Discovery II then in New Zealand waters, sailed 
south w'lth Dr Potaka, and transfeired him to 
the Bear at sea The Bear made Little Ameiica 
safely and without untoward incident, and 
sailed north again on February 26. 

COMPLETE WITH CINEMA 
The equipment of the base was impressive. 
It had “ electric light and power, a radio 
broadcasting and communications plant, trac- 
tors, aeroplanes, dog teams, repair shops, a 
maternity ward for dogs and an emergency 
hospital and medical office, a meteoiological 
station, a library and a science hall, a dairy 


consisting of three cows and a voung bull, 
micioscopes and lathes, a mess-hall seating 
twenty-eight men which can be convcited into 
a motion-picture theatri seating the whole 
c.imp, a wind -driven electric genet ator, two 
Manx kittens and .a Lnited States post office ” 

ADVANCED WEATHER STATION 

The first task Byrd set himself after he had 
got his headquarters ship-sh.vpc again was the 
establishment ol an advanced weather station 
It had been intended to build this station m the 
Qiieen Maud Mountains, four hundred miles 
from the South Pole, and to leave tw'o men 
there during the long polar night to m.ake 
weather observations Unexpected dilficult'es 
in transporting stoies prevented this idea Irom 
being carried out, and the hut w'as finally set 
up only one hundred and twenty-three miles 
from Little America 

The whole of March, 1934, was taken up m 
the erection of the station, and at the end of 
the month Bytd flew to it, and, having sent all 
the men back to the base, prepared to spend the 
winter alone in the hut 

The reason why Byrd chose to be alone at this 
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station is best explained in his own words. 

“ We were not able,” he says, “ to advance 
sufficient supplies to staff this meteorological 
outpost with three men. The alternative was 
either two men or one man . . My own 
experience in the polar regions . . . convinced 
me that the chances were small that two men by 
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TRACTOR IN A CREVASSE 
Cutting away ice to free a ti actor that had fallen into 
a cievasse , a frequent muhap 

themselves could achieve temperamental har- 
mony Remember, this outpost was to be sunk 
in the crust of the Ross Ice Barrier, and, .as we 
gauged the risLs then, whoever went out there 
had to be reconciled to isolation for at least 
seven months, no matter what came to pass 
Four of these months would be in complete 
darkness, under the most unfavourable condi- 
tions that hie contrives anywhere on earth 
Life in that spot would resemble life on a dark, 
dead and bitterly cold planet, and for some 
months would be almost as inaccessible as on 
that planet. 


“ Two men, jammed together at arm’s 
length in a tiny shack in this strange environ- 
ment, living by the dim light of a lantern in a 
state of perpetual congestion and intrusion, 
staring at each other for seven months. . . . 
What man’s nerves could stand the irritation ? ” 

The hut in which Byrd spent the winter 
measured nine feet by thirteen feet by eight feet 
Its four-inch walls were constructed to give as 
much warmth as four feet of brick. Unfor- 
tunatclv, some of the sections had been damaged 
in transit, so that the door would not shut 
properly. The hut contained, among other 
things, a bunk, a table on which rested meteoro- 
logical instruments, books, radio apparatus, a 
wTiting table, a stove and large supplies of food 
and fuel. 

FUMES BROUGHT MISFORTUNE 

In March, 1934, alter his companions had 
returned to the base, the hut struck Byrd as 
extremely comfortable, and he looked foiward 
with confidence to his long and lonely vigil 
" But the small flaws which sevcial months 
later were to make that place a living hell were 
piesent ” 

T'he stove-pipe sections did not fit properly, 
and noxious fumes escaped into the room The 
oil-burnmg stose itself g.ivc off lumes, as did 
also the petrf)l engmi tliat worked the radio 
set "These fuint.s," says Byrd, ” . . were 

the cause o( mv subsequeni mislortune ” 

Theie w.as plenty of woik to do A latgc part 
ol the dav was occupied m making rneteoio- 
logual and auroial observations Records h.id 
to be kept of barometnc piessuie, temperature, 
wind dll <t lion and v clot it v .Ml these weie 
registered rnechanicallv , but twice a day Bvid 
had to make visual observations ol cloudiness 
and the state of the weather, lake leadings of 
thermometers and make visual observations of 
the barometer Four oi five times a day, when 
the sky was clear enough, he watched for 
auroral phenomena Moreover, the various 
meteorological tnslruments lecjuircd constant 
attention 

IN TOUCH BY RADIO 

Some little wlule before he retired to the hut, 
Byrd had wrenched his shoulder while lifting a 
heavy Ixix. Although the injury was painful, he 
took no notice of it at the time a lack of self- 
carelulness which was to cost him dear towards 
the end of his vigil. 

Throughout the winter Byrd was able to 
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TO DISCOVFR THE DIRE.CTION OE THE WIND 
Sending up a sounding balloon at night through an opening in the looj oj the lahoratoiv Observation 
oj the diift of balloons enabled the meteorologists to discover the diiectioii of the wind at various levels 


keep in const.irU ladio comnumi».atnin v\itli 
Little Arnenca Thice tinies a wetk he 
exchanged information witli thi otlui inemlxis 
of his party By the end ol the (oui th month 
of his isolation he was — to quote the words ol 
C J \’ Murphy, one of the members eil the- 
expedition — “at the end ol the tctliei - xhmg 
fiom the effects of the poisonous fumes 
staicely able to walk, existing on lialt-lro^eii 
foods he was too ill and too weak to prcpaie 
pi opcrly.” 

UNRELIEVED AGONY 

The party at the base weiie ignorant of this 
They knew nothing of Byrds sufferings, for he 
gave them no hint of his condition He com- 
municated with them in code, and “ code is 
impersonal, and unlike a voice, does not give 
one away.” Byrd knew how diflicult it would 
be for a rescue-party to reach him, and although 
he felt that he was dying he w-anted to put off 
sending out an S O S until theweather improved. 

July was a period of unrelieved agony for the 


exploicr l..irlv in the month his main radio 
set bloke down and he was foiled to use the 
emergency set, tin power for which was 
supplied b\ a hand-ojieiated ciank Weak as 
hi was, and with an in)ured shouldei, the 
exertion was a tiiiiblc diain on his strength 
On July 6, he collapsed after communicating 
with Little Arnenca 

TO THE RESCUE BY TRACTOR 

On July 20 a rescue-partv of five set out from 
the base bv tractor 1 here was no sunlight, for 
the polai night still held sway , the temperature 
was sometimes as low as seventy-one degrees 
below zero, and terrible diffiiulty was experi- 
enced m following the flag-marked track 
Alter covering half the distance to the station, 
the paitv was forced to turn back. 

Another attempt at icscue began on August 4 
This time only three men set out m the tractor 
They managed to cover no more than twenty- 
thiee miles before being compelled to return 
through clutch trouble. 
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A third attempt, begun on August 8, was 
successful. Byrd was found in an extremely 
weak condition, and it was thought inadvisable 
to move him until he had recovered his strength 
a little It was not until Octobei 12 that he 
was brought back to Little America by aero- 
plane 

Before the third attempt at rescue, tractoi-s 
had never been used with complete success in 


area was explored by a sledge party and two 
tractor parties, while four exploratory flights 
were made over it 

The Thorne Glacier section of the Queen 
Maud Mountains was explored by a dog-sledge 
party under Q A. Bladkburn, who found plant- 
fossils and beds of coal. Another party collected 
specimens of moss, lichens and microscopic life 
in Mane By id Land 



TIED UP TO A PIER OF ICE IN ANTARCTICA 

The Wyatt Earp, under the command of Sir Hiiheit IVilkms, which conveyed Lincoln Ellmorth and hi', 
companion, H. Holliik-Kenyon, to Dundee Island, whete Ellsworth established his base in 1935. 


Antaictira, but this journey proved iheir 
usefulness In fact, the ie.s<u( could not have 
been effected in any othci way Dogs and 
aeroplanes would both have been equally useless 
in the darkness and the intense cold 

The geographical results of Admiral Byrd’s 
second antarctic expedition, which concluded 
in the earlv days oi 1935, were of first-rate 
importance Byrd’s fust expedition discovered 
much about the north-eastern liorderlands of 
the Ross Sea, which include King Edward VII 
Land. In the 1934-1935 explorations this 
“ region was observed from many angles and 
more secrets were uncovered "’ Part of the 


According to K. L Raw son, “ the total area 
brought within the lange of vision of the aerial 
or stiilace parlies operating from Little Anieiica 
as a b.isc was approximately lour hundred and 
fifty thousand square miles Of tins, two bun- 
dled and ninety thoutiarid were pievdously 
unknown. At sea . . one hundred and sixty 
thousand square miles of unknown waters were 
explored.” 

In 1934 Lincoln Ellsworth, the United States 
airman, conceived the ambitious project ol 
flying across the Antarctic continent from the 
Weddell Sea to Admiral Byrd’s base on the 
Ross Sea 
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FIRST TO CROSS THE ANTARCTIC CONTINENT BY AIR 
Lincoln Ellsworth (right) and H Hollick-Kenyon after their epoch-making flight acioss Antarctica from 
Dundee Island^ in the Weddell Sea, to the Bay of Whales, Boss Sea, a few miles from Admiral Byrd's camp. 


He had already, in 1933, made an unsuexessful 
attempt to Hy actoss the continent in the oppo- 
site direeiion On this oecasion his plane was 
uiecked in the Ray of Whales liy an outnish 
ol ice, and he was forced to leturn fot repairs 
Hvid \tas in lattle America, only a short 
distance awa\, at this lime 

TO CHII.E FOR \ SPARE PART 

In the autumn of 1934 F.llswoith loaded Ins 
specially constructed Norihiop monoplane, 
Pdar Star, cm to the ship li'snll Eaip and 
reached Deception Island tow aids the end ol 
October T'hcie the machine was unshipped, 
liut no sooner was the ciigint st.iiU'cl than a 
connecting lod snapped Us the irons <i( late 
the one spare part that svas not can ic-d was a 
( onnerting rod, and the ship svas sent to 
Megallanes, Chile, for anothei 


The machine was duly repaired, and Ells- 
worth sailed south to Snoiv Island, where he 
s.aitcd in vain until llte middle of January, 
1935, for suitable flving conditions. He then 
abandoned hope and turned home But he 
w'as not vet bcaicn. and 'soveinber of the same 
year saw bun bark in the Antarctic 'The 
JFyjW Eetp, under the command of Su Hubert 
Wiikms, conveyed him and his coiupanior, 
H Holhck-K.en\oii, to Dundee Island, north of 
Ci.iham Land, whuc Ellsworth estaiilished his 
base. 

“ THIRD TIME LUCK^ ” 

On Xcis'cmbet 20 the Polar Star took the air 
and headed tosv.irds the Ross Sea, on the other 
side ol Antarctica, but it got little further than 
Robertson Island (h5j degrees south) The fol- 
lowing day Ellswoith made anothei unsuccessful 



FORCED DOWN AFTER A FAMOUS FLIGHT 
The aeroplane, Polac Star, wai forced down through fuel-shortage. It took the intrepid aviators six days 
to trek on snowshoes the fifteen miles to Little Amenca, whence they were rescued by the Disciovery II. 
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attempt, but this time he reached Stefansson 
Inlet. 

A third attempt begun on November 23, 
1935, was completely successful. Ellsworth and 
his companion landed within fifteen miles of 
Little America, two thousand two hundred miles 
from their starting-point, on December 5. The 





DISCOVhRY ll AT MELBOURNE 
Discovery II /i«t bejore she set out fot the Ross Sea 
to rest ue Lincoln Ellsworth. 


Antarctic continent had been crossed for the 
first time. The flight was not non-stop four 
intermediate landings were made on the ice 

Ellsworth’s plane ivas fitted with wireless, 
but the apparatus broke down some eight hours 
after the flight had begun, and from November 23 
until January 1 5, 1 936, no news of the explorers 
reached the outer world Their silence gave rise 
to fears for their safety in Australia and America, 
and the R.R S Discovery II was ordered to 
make for the Bay of Whales in the hope of 
rescuing Ellsworth and his companion. 

The ship left Melbourne with two planes on 


board, and arrived in the Bay of Whales on 
January 15, 1936. On the same day one of her 
planes, making a reconnaissance flight, sighted 
Holhek-Kenyon at Little America. The next 
day both he and Ellsworth were taken aboard 
the Discovery II. They explained that they had 
been forced down owing to a shortage of fuel 
and that all attempts to get the wireless apparatus 
going properly had failed They had reached 
Byrd’s uninhabited base on December 1 5, having 
travelled on foot from their landing-place, and 
had found shelter in one of Byrd’s huts. 

IN AN ICY WILDERNESS 

The Wyatl Earp, with Sir Hubert Wilkins on 
board, arrived at the Bay on January 20, five 
days after the Discovery II. Ellsworth took 
passage in the latter vessel, while Holhck- 
Kenyon remained behind with the Wyatt Earp 
to salvage the Polar Star. 

The American Geographical Society awarded 
Ellsworth the Livingstone Medal to mark their 
appieciation of his fine achievement At the 
prestntaiioii the picsident ol the society, R L. 
Redmond, pointed out the epic quality of the 
accomplishment “ Launched on a long and 
hazardous flight acioss the unknown," the 
speaker avovsed, “ their coniinuniralion rut olT 
by the failure ol their radio, lie and his iiiiiepid 
pilot landed again and again in an icy ssildciness 
where the least accident meant disaster, calmly 
made their observations, waited foi favour able 
weather and then took off again for their distant 
objective, navigating with such accui.icy that 
when their fuel was exhausted they were within 
twentv miles of their goal Such an achievcriicnl 
ranks high indeed in the annals of exploration.” 

ARCTIC CRUISE BY ZEPPELIN 

Early in 1935 the British Giahani Land 
Expedition, under the leadership of J R Rymill 
and con.sisting of sixteen members, established 
a base on the Argentine. Islands, five miles off 
the west coast of Graham Land. Its first 
season’s woik consisted of the exploration of 
the unknown coast line between Luitpold Land 
and Charcot Land 

In February, 1936, the expedition moved its 
base two hundred miles further south to 
Marguerite Bay on the mainland of Graham 
Land. The journey southwards was made in 
the ship Penola, whose route was prospected in 
advance by an aeroplane. From this new base 
valuable work was accomplished. Among other 
things, It was proved that South Graham Land 
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is part of the Antarctic continent, not an island 
as Sir Hubert Wilkins had suggested. 

While all this discovery and research was 
going on in Antarctica, some of the secrets oi 
the Arctic regions were also being revealed 

In 1931 the G^'af Zeppelin made an eight 
thousand mile Arctic cruise in one hundred and 
thirty six hours. Leaving Leningrad on July 26, 
the airship travelled by Archangel, Frana Josef 
Land, Severnaya Zemlya, the Taimyr Peninsula 
(Sibeiia) and Novaya Zemlya, returning to its 
point of departure on July 30 

PUTTING THE MAP RIGHT 

The idea of using the Graf Zeppelm for an 
Arctic ciuisc was first proposed in 1926, when 
it w’as suggested that the expedition should be 
undei the leadership of Nansen The project 
was postjioned ioi various reasons, and then in 
1930 the famous Notwegiari cxploicr and 
humanitaiian died 

The flight of 1931 was carried out by Dr 
Hugo Lcktiier, sujipoiled by a laree seiciiufic 
staff, of which Lincoln Ellsworth was a niembci 
It was without uiitowaid incident and gathered 
corisidtiable geographical and meteorological 
data 

Over the Barents Sea, alter leaving Aich- 
aiigel, wirelo's comtiiunication was established 
with the Russian ice-bieakcr mooied 

.It the Hooktr Isl.iiid (i'l.m/ Jostl Landl Radio 
and Ml teoiological Sintiori listabbsliecl b\ the 
Russians in 1929, it was then tlu iiifet noiiherly 
UK teoiologu al observatory in tin woild 

1 he aiiship was ef|nipped with two inappnig 
c amcras, bv thi aid ol w Inch it w as found possitile 
to coneit numerous eitors iii existing m.ips of 
thi art as traversed 

DISCOVERING GREENLAND’S SECRETS 

Mcleorological oliserv ations were made and 
systtniatu lecords kept ifiroughout the ciuisc. 
One of the most interesting iiisli umeiits used 
was the Molchainiv sounding balloon, fiom 
which is suspended a tiox containing a wireless 
transniitler, thennoineteis and a haronietei 
Changes in tcmperatuie, humidity and aii- 
piessurc are rccoided by the instiuments, 
communicated to the transmitter and then 
broadcast m coded signals. I'he whole appara- 
tus, costing about is usually lost beyond 

hope of recovery once it is released. 

The project of joining Europe and North 

America by an air service operating over 

Greenland began to attract considerable 
M M — c* 


attention about 1928, and soon afterwards several 
expeditions were sent to Greenland to carry 
out meteorological observations and survey work. 

One of the most important of these was the 
German Greenland Expedition under the 
leadeiship of Alfred Loihar Wegener, Prolessor 
of Meteorology and Geophysics at the University 



MARTYR TO SCIENCE 
Professor Alfred H'egenei leader of the German 
Greenland Expedition, who died ftom exhaustion 


of Graz, Austria In 1929 it made a preliminary 
survey to find a feasible route from the coast on 
to the Ice Cap and to experiment with scientific 
instruments ol new' design The principal task 
was to be done in 1930-1931 Its foremost 
object was to establish an aerological station in 
the mterioi of Greenland, and to compare the 
obseivations made there with those obtained at 
stations on the cast and west coasts. 

The preliminary survey of 1929 had valuable 
results. The inland ice was sounded for the 
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first time and the movement of the fijlacier 
fronts over a period of tlnrty vears was deter- 
mined. 

FIFTV DEGREES BELOW ZERO 

The mam expedition, consisting of twenty 
scientific workers, reached Greenland in May, 
1930, and the task of establishing the Ice Cap 
station was begun in the lollowing July The 
site chosen was about half-way between the 
cast and west coasts, "two hundred and forty 
miles east of Kamarvjuk, near Dtsko Island, at 
a height of nine thousand seven hundred feet. 
The station was called Eismitte, which means 
the middle of the ice Observations were carried 
out there for three hundred and seventy-two 
days without interruption. 

Much difficulty was experienced in conveying 
the necessary stores and equipment to Eismitte, 
and one day Wegener received word that if 
further supplies of petroleum and food were 
not sent to the Ice Cap station its two occupants 
would not be able to suivive the winter So 
Wegener himself, accompanied by two men, 


left the base immediately with two dog-sledges, 
arriving at the lonely post on October 27. 

Temperatures of fifty degrees below zero 
centigrade were experienced by the relief-party, 
and one of Wegener’^ companions was so badly 
frost-bitten that he had to have his toes ampu- 
tated without delay. The crippled man 
remained to w'lnter at the Ice Cap station while 
the intrepid leader set out with his other 
companion, an Eskimo, to return to the base. 
Neither was ever seen again alive. 

LOST IN THE SNOW 

Wegener’s body was discovered by a search- 
party in the following spring. It appeared that 
he had died from exhaustion m his tent and that 
the Eskimo had taken his diarv, buried him, 
and then tried to complete the journey alone 
But the snow had covered up the flags that had 
been put out to maik the course, and the 
unfortunate native had no other means of 
finding his way His body was never found 

The Arctic had claimed two more victims 
But the work of the expedition had to go on, 





■ ...' 

FROM ‘‘A..niKD WHGENAK'^ 1 A-T GKEKHLAVD HTFEniriON* fOUHTRSY OF HESSRE F A BROCKHAUE, rURLISMEHS, LI tPEIG 

HELD FAST IN FROZEN SNOW 

The propeller-dnven sieigh oj the German Greenland Expedition held fast in frozen snow. After Professoi 
Alfred Wegener's death, operations were carried on under the direction of his brother. Dr. Kart Wegener. 
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BRtTIi<K ARCTIC AIR ROITE EXPEDITION 


YOUTHFUL BRITISH EXPLORER WHO NEVER RETURNED 
Henry George Watkins, the leader oj the British Arctic iu-Route Expedition of 19.10, using a harpoon gun 
in an Eskimo kavak He was di owned m a Greenland fiord while sealing in one of these craft 

and in July, 1931 , the dead Professor’s brother, Wegener had his Aictir baptism in 190&-1908, 
Kurt Wegener, arrived from Berlin to direct when he served thr Danish North-East Green- 
further operations 1 he expedition returned to land Expedition as meteorologist During this 
Germany in November, 1931 period he made a senes of upper air studies 

ICE THOUSANDS OF FEET THICK captive balloons They were the 

The work accomplished confirmed Wegener’s 
theory that Greenland was a great ice-filled HERO AND SCHOLAR 

bowl instead of a high plateau, as many had In 1913 Wegener rarned out an epoch- 
supposed. The Ice Cap was found to be making journey across Greenland, from east to 
eight thousand eight hundred and fifty feet west along its widest section, accompanied by 
thick at the centre of the island, at eight his friend. Captain J P Koch When he died, 
thousand seven hundred and fifty feet altitude, a few days after his fiftieth birthday and while 
Alfred Wegener was one of the most brilliant he was yet in his prime, the scientific world 
and courageous polar research workers of mourned one who was both a hero and a scholar, 
modern times Master of half a dozen abstruse Three other meteorological expedition.s w'ere 
subjects, his great speciality was the physics toiling in Greenland in 1930 The Fourth 
of the atmosphere. His theory of continental Greenland Expedition of the University of 
drift attracted much attention m scientific Michigan, USA, was carrying out upper air 
circles some years before his death, and con- and glacial observations near Upernivik and 
tinues to do so at Ivigtut The British Arctic Air-Route 
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Expedition was also beginning its work, as was 
Dr Constantin Dumbrava, who established a 
meteorological station at Scoresby Sound with 
the object of demonstrating the feasibility of a 
trans-Greenland air route. 

EXPLORING FOR AIR ROUTES 
In the same year Dr. I.auge Koch, the Danish 
explorer, returned from Greenland after map- 
ping a section of the coast of Scoresby Sound. 
In 1932 he was back again with two ships, 
twelve motor boats, several planes and ninety-six 
men. He mapped one thousand four hundred 
and ninety square miles of the east coast and 
found five thousand petiified specimens of 
prehistoric amphibious quadrupeds 

In July, 1930, the British Arctic Air-Route 
Expedition, reterred to above, left London for 
Greenland in the Quat, Sir Ernest Shackleton’s 
ship. The main object of the expedition was to 
discover the best air route acro.ss (Jreetiland 
from Great Britain to Canada, with the Faroe 


Islands and Iceland as intermediate stations. 
Places suitable for landing grounds were to be 
discovered and surveyed and meteorological 
observations taken. 

The leader, Henry George Watkins, was only 
twenty-three years of age, yet he was already an 
explorer of experience, having taken part in 
expeditions to Spitsbergen and Labrador. 

WORK AT THE 6aSE 

The Qyest reached the coast of East Greenland 
late in July, and before the month was out a 
suitable site for a base was discovered some 
forty miles west of the island of Angmagssalik. 
The unloading of the cargo and the establish- 
ment of the base occupied exactly a fortnight 
After that the membeis of the expedition were 
free to devote themselves to pieparations for 
their first big task • the establishment of a 
meteorological station on the liigliest part of the 
Ice Cap that is situated between the base and 
the west coast of Greenland 





* British arcik A-iR-ROUTlf kxpeuitiok 

BRITISH ICE CAP STATION IN SEPTEMBER, 1930 
Here it is shown under normal conditions before Augustine Courlauld remained alone in it throughout the 
waiter. His colleagues left him on December 6 with enough food to last until well on into May. 
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nin^Tl AKCTIC AIR ROT TK IXPEDITTDN 


BRITISH ICF CAP STATION IN MAY, 1931 
As It was when the lescuc-poi t\ icached it Here a loUeu^ue n shoiiliii.; down th’ ventilator. “ We dug 
down, and in a few minutes out same Couitauhl with an < inn mous heard ” 


A slcdgitiR pai ty, coiisistini( of five men, set 
out fioui tlie base in the '.econd week ol August 
to find a siK foi the st.ition On the twentv- 
ninth, altei eoveiitif' one hundi((l and twenty- 
in e link s ol diliit ult countiN , w Inch was in pai i 
badly rut up bv ritw.isses, they re ithed i point 
at an elevation ol tiu;ht tliousaiitl two huiidud 
k et above the sea vs hu h ini t then ittpnieinr nts 
It vv.us at tilt hnthist point ol .i diurl line 
bt tween the base and Disko Isl.nid on the west 
coast, wlnrh would be one ka; ol iht piojuud 
ui-ioute hvlween (jie.it Brit.iin and C.m.ula 

1 lie e\ploiers ereetid a donit -sliajied tent 
ol doiilik thickness wnh .in .iir-spact betwi-en 
the two laseis oi < aiiv .is 1 heie was a ventilalirii< 
shaft in the root but no door; entrance was 
liained by mtan.s ol a tunnel undeii’iound 
'J'hus none ol the warm air eould escape except 
through the ventilating shaft 

RELIEVING ICE CAP STATION 

Immediately aflei the Ice Cap station had 
been set up and equipped with instruments, 
lood and oil, tin re ol the party started for the 
base, the other two remaining behind to take 
observations for the first month The return 
lourney was accomplished m lour and a hall 
days. 

The Ice Cap station was successfully relieved 


lor the hi si time on Ottobei 2 The second 
relic! p.inv of six set out on the twenty-seventh, 
hoping to reach the st.ition within ten days or 
a loitiiiglu I he paity had a large quantity ol 
lood and par iffin and .ilso a wiiekss set, with 
which 11 w.is hoped to establish ladio com- 
■iiumcation bf tween the Ice Cap station and 
the base. 

TRAVELLING A MILE A DAY 

So bad were the we.ithei conditions that it 
took fifteen days to covei the first fifteen miles 
BllZ^,aIds weie Irequent, lorcmg them to remain 
in their tents loi two or thiee days at a time 
The wind shucked and the snow whirled like 
dancing fiends 

Seventeen davs out horn the base all the 
wireless sloies were dumped and three of the 
men were sent back to the coast The other 
three reached the station on December 3, after 
a thiit\-ninc d.ays’ journey Owing to the 
length ol time spent on the trail, the party had 
fewer supplies to leave than they had planned 
for, and since it w'as probable that many months 
would elapse belore it was possible to relieve 
the station again, it was decided that only one 
man should be left behind. 

Augustine Courtauld was chosen to remain 
alone throughout the vv'inter at the Ice Cap 
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station. On December 6 his colleagues said 
good-bye to him and started for the base. 
Courtauld had enough food to last until well 
on into May 

On March 8, three months after he had seen 
the last man disappear in the northern mist, a 
party of three set out to relieve him. The 



SOVIET ARCTIC EXPERT 
Professor Otto Sihmtdt, who directed the Soviet 
conquest of the North Polar regions 


weather was as bad as it could be lor that time 
of year. Blizzards sprang up all too often, and 
the temperature was abnormally low By the 
time they had reached the neighlxiurhood of 
the Icc Cap station they had only a few days’ 
dog food left On all sides there were moun- 
tainous snowdrifts that made it impossible to 
see far in any direction. A fruitless and exhaust- 
ing search was made tor the station tent. It 
was nowhere visible, and the party was com- 
pelled to return to the base, their mission 
unaccomplished 

The return journey ended on April 17, and 
four days later another relief party set out under 


the command of Watkins himself. By then the 
weather had improved considerably, and the 
vicinity of the station tent was reached on 
May 5 without any untoward difficulty. As 
snow was falling, it was impossible to take 
observations to find out in which direction the 
tent lay, but on the lollowmg day it was 
discovered only about a mile away 
Would they find Courtauld alive and well’ 
Or had some terrible accident occurred in the 
five long months since he was last seen ’ 

CHATTING THROUGH A VENTILATOR 
“ Our first sight of the station was not 
encouiagmg,” Watkins relates, “ the only 
things showing above the snow were the Union 
Jack, the scientific instruments, a spade and the 
ventilator of the house We shouted, and up 
fiom the ventilatoi came a cheerful reply from 
Courtauld We dug down, and in a few minutes 
out came Courtauld with an enoimous beaid 
He had been alone for five months, and except 
for the last foui weeks he had bien aide to do 
all the meteorological oUserv.'itions ” 

A wall had been built round the tent when it 
was first set up, and the space hetwicn had 
gradually filled up with snow It had blocked 
part of the undergiound lunnel bv W'hich 
entiance was gained, and as Courtauld had had 
no spade to dig it out he was a piisoner in the 
lent He could have cut Ins way through the 
side of the tent, but then it would have filled 
up with snow and he would have been left 
unpioiected against the meiciless elements 
When the rescue-party leachcd him, Cour- 
tauld still had plentv ol food but he W'as very 
short of paraffin “ This meant,” says Watkin.s 
“ that for the last pait ol the time he had 
practically no light or fuel loi cooking In 
spite of all this he was most cheerful, and as 
soon as we had got him out he walked back to 
oui tamp 1 he wliole undertaking had been a 
wonderful effort on his part.” 

FOOD BY AEROPLANE 
It having been decided not to maintain the 
Ice Cap station any longer, the whole party 
started for the base on May 6. On the following 
day they were astonished to observe a large 
aeroplane flying over them It dropped a 
quantity of food and also a note informing them 
that the pilot was Captain Ahrenberg, a Swede. 
They later discoveied that Ahrenberg had been 
commissioned by the Courtauld family to try 
to find the Ice Cap station from the air. 
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RECORDING THE WEATHER FOR THE LAST TIME 
A^trononier-magnetolognl Eugene Fiodorov, one oj the herou tout who manned the Soviet North Polar 
ice-floe italion, making obseivatiom of the weather for iht last time before the ice-floe was evacuated 


Courtaulcl’s relations Itaniig tli.it Watkins and 
his men might not be .iljle to discovci i* from 
the ground 

Ahrenberg had left Sweden at short notiee, 
flow n direct to Rcvkjav ik, tlie c afiit.il of Ireland, 
and from theie to tin base ot the expedition 
His first attempt to locate the station was 
frustrated by bad vs rather, .incl he was making 
lus second attempt when he sighted Watkins's 
party The flights he had m.ide were li aught 
with giavc tisk, since thick fog descends on the 
cast coast of Greenland at frequent intervals 
luring May. 

PHOTOGRAPHED I WO HUNDRED MILES 

Apart from the meteorological work, earned 
out at the base duiing the whole period of their 
stay and at the Ice Cap station for seven months, 
the expedition made important exploratory 
journeys 

The first of these, undertaken dunng the 
summer of 1930, had for its main object the 
surveying of the coast between Angmagssalik 
and Kangerdlugsuak About two hundred 
miles were mapped and photographed with 


the assistance of motor boats and a seaplane. 

In September and October a party went 
one hundred and twentv-five miles inland in a 
noith-wcst direction and, turning south from 
there, explored about one hundred miles of the 
highest part of the Ice Cap Altogether, three 
hundred and seventy miles were covered, and 
meteorological observations were made con- 
tinuously thioughout the journey' 

M\DE A RECORD CLIMB 

In the late spimg of 1931 members of the 
expedition were dispat''hcd to a mountainous 
region about one hundred miles north of the 
Ijase In an unsue tesslul attempt to climb 
Mount Forel the exploiers reached a greater 
height than had ever belore been attained in 
the Arctic regions. 

In July, 1931, the Ice Cap was crossed 
between the base and Ivigtut on the south-west 
coast Height and meteorological observations 
were made throughout this five hundred miles 
|oui ncy. 

The Ice Cap was again crossed in the late 
summer of 1931, this time between the base and 
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Holsteinsborg on the west coast. Eskimo kayaks 
were carried across the Ice Cap on sledc'es and 
paddled across the ninety miles ol sea that 
separates the edge of the Ice Cap from the 
settlement at Holsteinsborg. 

HUNTING IN KAYAKS 

The south-east coast of Greenland between 
the base and Juhanehaab on the west coast was 
explored in two fifteen-foot whale-boats fitted 
with outboard engines Since petrol for six 
hundred miles had to be carried there was little 
room in the craft for provisions, so ka\aks were 
taken and food was obtained by hunting seals 
with harpoons in the kayaks 

In view of the fact that Watkins was later 
to lose his life while seal hunting m a kayak, it 
IS of tragic interest to note his remarks on this 
subject 

“ We had been told,” he says, “ that white 
men could nevei learn to use kayaks s,ifely oi 
bunt with them But we did not see w’hy it 
should not be possible for a white man to 
learn to use a kayak just as w'ell as anv Eskimo, 
or even better ” 

A kayak is a narrow canoe about nineteen 
feet long, made of waterproof sealskin stictched 
over a light wooden frame 'I'he occupant sits 
in a small ciicular hole He wears a sealskin 


coat, the bottom of which fastens over the rim 
of the hole, w'aterproof gloves, and a tightly 
fitting hood that enables him to remain quite 
dry even if a wave goes right over the canoe. 

Watkins records that “ about ninety per cent 
of the Angmagssahk Eskimo men end their lives 
bv drowning in the kayaks thiough being over- 
turned by an attacking seal or walrus, or by a 
wave. A kayak is a tight fit and it is impossible 
to get in or out quickly The sensible Eskimos 
have learnt a special tuck winch saves them if 
they arc overturned This trick is to roll right 
round with the kayak and come up the other 
side About one in every four of the Angmags- 
salik men can do this 

UNSPOILT BY CIVILIZATION 

“ Once a man can do this loll with absolute 
ceitainiy,” Watkins continues, “ it means that 
he IS safe to hunt alone, as he will be .ilile to get 
up again if he is knocked ovei I knew that 
I should have to hunt alone on the const 
journey, .ind I saw that it would not be safe 
unless 1 could learn to roll the kavak ” 

Watkins and his men were vuy f.ivoui.iblv 
impressed by ihe manner in which the Danish 
Government are cat inu lor the well.ire ol the 
Gieeiiland I'.skimos who aie still unspoilt by 
civilization and almost hee horn Einopean 



ICE HOUSE OF A SOVIET RESCUE EXPEDITION 
Th£ /nighty wing of the monoplane USSR 177 setved as a roof for this improvised house of ice built by 
Russian airmen sent to search for the bodies of Ben Eieison and Earl Borland. 
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END OF A GREAT ARCTIC ADVENTURF 

The rescue pattv from the Taimyr c/if'i'im; out one of the tents of the foui ?o\iel scientisn who had drifted 
by u e-Jioc fi om the North Pole, They had been carried ove' ei^ht bundled miles 


diseases. “ It ^vcluld lie impossible to praise 
their (the Danes'] Mile loo hii;hlv,” noK.s 
Watkins “In l^ast (Jieenl.ind their policy is 
to picserve the foiiiiiiy fust and luremost lor 
the Eskinii-s, to keep vvhiK people horn coming 
in, and to keep the l.skimos Iroin btcoining 
dependent upon uhite people ” 

PRAISE FOR DANES 

Aueustine Courtnul'l inloiined the Royal 
Geographical Sueictv that he had seen one oi 
two peoples adininistei ed in diflercnt p.iils ol 
till ssorld by white i.uis, bul he hid nevii seen 
a lacc administered so disinlerestedls and so 
unselfishly lor then own good as are the 
Eskimos m Greenland 

1 he Biilish Ah tie Air-Route Expedition 
relutried to England m Octobei, 1931, bin in 
-August, 1932, Watkins went bark to E,ist 
Greenland with three companions to study 
flying conditions (or Pan-American Airways, 
by whom the greater part of the cost of the 
expedition W'as borne 

A base was established about one hundred 
and twelve miles north oi Anginagssahk near a 
lake which Watkins ehiistened Lake Fjord 
before he discovered that it w-as known to the 
Eskimos as Tugtilik, meaning “ the plate where 
the reindeer live.” 

Watkins had e,ome to the conclusion that this 


sheet of watei would afford excellent binding 
facilities for se.ijil.mes He now proposed to 
spend .1 -e.ir lairying out metein ological 
c'bsi rv.itions and surveying work thci' Destiny 
lit lei mint d othei w ise 

On the morning of August 20. W.itkins went 
off alone in his k.ac.ik to hunt se.als In the 
altc moon his emnpanions loimd his kayak 
floating, lull of water, in the fiord .After search- 
ing lor half an houi they came ,if ross his 
trousers and k.ivak bell on a sm.dl ice-floe near 
an at live glacier With hope bordering on 
despaii they peered into eveiy' nook and cianny 
till midiiiehl, but no further trace of the young 
explorei was discovcied 

LEFT AN HONOURED NAME 

J R Rymill, who ' iicceeded Watkins in the 
leadership ol the c.xpedition, tells us that “ it 
IS impossible to describe our feelings tlial night, 
after losing oui leader and a very dear friend 
\Ae spent the next day searching the fiord and 
the suriounding country, though we knew we 
had htile hope of finding him ” 

F. S Chapman, another member of the 
expedition, adds that only a few houis before 
Watkins had remarked, “ A man can get any- 
thing in the world that he wants, absolutely 
anything,” 

Watkins was only twenty-five ymars of age 
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when the icy waters of an Arctic fiord delivered 
his lithe body into the hands of death, but he 
had already made a name which will rank 
beside those of Nansen, Amundsen, Shackleton 
and Scott His kayak now hangs above 
Mawson’s sledge on a wall of the Royal 
Geographical Society’s Museum in London — a 
tragic memoiial. 

The work ol the expedition ivas earned on as 



AT THE NORTH POLE 
Eugene Fiodorov taking observations on the drifting 
ice-floe at the North Pole 

before. A meteorological station was main- 
tained at the base from September, 1932, until 
the following August. Observations weic taken 
three times a day at the hours at which the 
International Polar Year expeditions took their 
observations 

When the expedition returned to England in 
September, 1933, the question ol w'hether the 
northern air route would ever come into being 
remained unanswered 

While the expedition was in Greenland, 
Colonel C. A, Lindbergh and his wife carried 


out a number of experimental flights over the 
proposed route for Pan-American Airways. 
Lindbergh came to the conclusion that “ Green- 
land was a wonderful country to fly m during 
the summer, but as far as the air route was 
concerned the trouble would be to compete 
with the liners which would cross from 
Southampton to New York, whatever the 
weather, in five days ” 

Lindbergh .added that there must be no 
forced landings ” m Greenland The air route 
over It could only be operated wath planes that 
•ere “ one hundred and five pet cent reliable.” 

RUSSIA FIGHTS THE ARCTIC 
The famous American airman’s remarks about 
“ forced landings ” .applies with even greater 
force to the Russian pioposal to run an services 
from Elurope to America across the North Pole 
The story ol the ama/ing preliminary flights 
Soviet pilots have made acioss the North Polar 
legions IS told clsevshere in this book Here we 
will mention something of the long years of 
research, meteorologic.il and otherwise, that 
made those record-bieaking flights possible and 
turned the projiosai foi a tinnspoiar an service 
horn a |oke into .i prai tic.il pioposition 

Russia’s fight against the Victic piotides 
material for some ol the most thiilling pages in 
the hislorv ol polat .alsentiiie and reseaich 
'1 he Genci.il .St.ifl that directs Russia’s north- 
ward adsancp is the .Sosict Arctic Commission, 
consisting of .scientists, scholars, sailois and 
airmen It was instituted in 1929, the \p,u in 
which the first .Soviet settlement was niaugu- 
laled and came into being m the Ftan/ Josef 
Land .Aichipelago 

The settlement was made m 3'ikhi Bay loi 
the purpose of maintaining a r.idio station and 
a meteorological observatory It w'as estab- 
lished under the diiection of Professor Otto 
Sehmicli, at whose disposal the govc*rnment 
placed the ice-breaker Syedov, captained by 
G I Voronin, 

FARTHEST NORTH BY SHIP 

After the Syedov had done its work at Tikhi 
Bay It sailed rioith taking soundings, analysing 
the Water, and making meteorological, biological 
and geological observations. In this cruise the 
ice-breaker went farther north than any other 
ship had ever done. It reached latitude eighty- 
two degrees fourteen minutes 
Thereafter radio stations linked up with 
scientific and meteorological observatories were 
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LARGEST ICF-BREAKER IN THT WORLD 

The powerful ice-hrcaker Jcrmark iteamwg at full speed through the Gieat Bell on its way to the Gieenland 
Sea, whither it was oidered to go to ustue the Soviet ice-floe scientists 


set up at many points, within the ArcUc Circle 
Bv 1933 thcie were twcnt\-iv\<) Soviet meteoro- 
logical stations m the Aicnc, foui \eais latei 
the number h,id iiiei eased to lifts -st ven, with a 
population ol si\ liuiidied, m idt up ot srieiiiilK 
workers and then families Liu si stations send 
out daily weather leporls 1 he\ also investigate 
solar radiation and at[nos[iheric electiiiity — 
work which can be earned on moie easily near 
the Pole than anyw here else. 

BROADCAST TO THE WORLD 

The chief meteorological station in the 
Russian polar legions is on Dickson Island, at 
the mouth of the Yenisei River, Sibtiia I he 
population IS about two hundred, including 
twenty-hve women 

All the weather reports from the other Arctic 
stations are wirelessed to Dickson Thcie expert 
meteorologists sift all the inlormation and from 
It evolve forecasts which are immediately 
broadcast to the world They are picked up 
by the Meteorological Office in London 

Dickson is fitted with six short-wav’e radio 
transmitters, two with universal reach for long- 
distance telephony and telegraphy, and four 
for comiiiunication with sub-divisional stations. 


In writing oi this jilace in his stirring volume. 
Forty Thousand Agaiinl the Arilir. H P Smolka 
notis a suange fact He tells us that “ two or 
tiller days befoie the iipproach oi the puiga — the 
violent Aictic storm which is fiequent duimg 
the wiriiei — the liuraan hcait reduces us 
conti actions to about half the number per 
minute that is usual The pulse is less frequent 
but stronger, so that the individual experiences 
no disagieeable sensations This heralding of a 
meteorological phenomenon by the human 
oiganism is the more interesting as it occurs 
at a time when none ol the automatic instiu- 
inents can register even the slightest warning 
of the appioachmg changes as yet.” 

HITHERTO UNKNOWN ISLANDS 

In 1930 Professor Schmidt’s party again 
visited Franz Josef Land and then sailed on to 
Severnaia Zemlya (Northern Land), crossing 
the not them part ol the Kara Sea for the first 
time (In the way they discovered a number of 
hitherto unknovvn islands. Schmidt established 
a weather station on the northerly point of 
Novaya Zemlya in 1930, at Cape Zhelanye 
(Cape Desire) m 1931 and on Cape Chelyuskin 
(Taimyr Peninsula, Siberia) m 1932. 
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By 1932 enough knowledge and experience 
of Arctic conditions had been gained to make 
the Arctic commission look with a favourable 
eye on the project of opening up the northern 
sea route from Mourman and Archangel to 
Bering Strait, Petropavlovsk-on-Kamchatka, 
and Vladivostock. 

N A E. Nordenskjold in 1878-1879, Vilkitski 
in 1913-1914, and Amundsen in 1918-1920 



STUDYING THE NORTHERN LIGHTS 
One of the highly intruate imtrumenti u\cd at the 
Northern Lights Observatory at Tromso, Nonvo} 


had made the voyage But none of these 
efforts, though of great mipoi lance from the 
geographical point of view, had any cornmeicial 
value The Soviets had the ambition to open 
up the north-east passage to trade, and they 
have succeeded in doing so 

They first had to demonstrate the possibility 
ol navigating the passage in the course of one 
season The journey had taken Nordenskjold 
two years ; Vilkitski had spent one, and 
Amundsen two winters doing it. 

The vessel chosen was the ice-breaker 
Sibiryakov, under the captaincy of V I Voronin, 
with Schmidt as director of operations. The 
vessel made the passage from Archangel to 
Bering Strait in two montlis four days This 


was the first time it had been made in one 
season, without wintering. 

In the same season forty-six ships made their 
way through the Kara Sea to the mouths of the 
Yenesei, Lena and other Siberian rivers, which 
prior to 1928 were closed to shipping. 

CAUGHT IN THE ICE 

In 1933 It was decided to attempt to repeat 
the Sibtryakov’s feat in the four thousand ton 
cargo-boat Chelyuskin. The latter left Leningrad 
on July 12, and by November 5 was hall-way 
through Bering Strait Under normal condi- 
tions she would have completed the passage of 
the ice-infe.sted strait, but the ice-floes Irorc solid 
prematurely and the vessel, caught in the ice, 
began a rapid northerlv diift which took her 
back towards Cape Vankarem 

In December all hope of completing the 
voyage had to be abandoned, and on Februarv 
13, 1934, the Chelyuskin sank under the pressure 
of the ice Only one member o! the expedition 
went down with the ship The olhets wert 
rescued by Soviet planes in the fiisl fortnight 
of April. 

V’ery valuable scieniific work was earned 
out by the exptdiliou both on the vovage and 
during the sojourn on thi ic( Foilunatt h, all 
the scientific lecoicK whuh h.id been made on 
the vovage vure sa\ed before the Chelyuskin 
disappeared 

Ftoni the coitiiik nt t menl of then attempts 
to conquer the Arctic, Soviet scientists had been 
ol the opinion that only by establishing a 
men oiologic.il station at the Noiih Pole itseil 
would they be able to form an accuiate wtalhei- 
picturc of the polar legions They knew, too, 
that in a sense the .North Pole is tin wcalhci- 
factoiy ol the woild, and the\ hoped by going 
to live thete to gain infoirnatioii that would be 
very valuable to meteorologists all over the 
globe. 

SUGGESTED BY NANSEN 

The idea of establishing a meteorological 
station on a polar ice-floe had been first sugge-sted 
by Nansen yeais befnic the Russians look it up 
But up till then only one man, Robert Peary, 
had reached the Pole on loot He did .so in 
1909, but was not able to stay there longer than 
a day. The Soviet scientists had to do a lot of 
research work before they were ready lor the 
great ad\e,nture in 1936. 

To the question, “ Why was the Soviet 
expedition interested in the North Pole?” 



Tn/\ wllErLFR 

BIRTH OF AN ICEBFRG OFF SPITSBERGEN 
Icebergs are formed hv the hieak-off of a mats of tee fom a ghutet the glacier flows into tne sea, and 
the bleak occurs when the weight of the end pail becomes loo great 

L Brontman, authoi ol On the Top of the (I arid, 'I he base ioi the attaek on the North Pole 
gives the following answer was Rudoli Island, the most nortlici Iv island of 

“They wanted concreti knowledge ol the the Fran/ Josef Land group, and itself only six 
wcathfi in the pol.ir 1 egion, Its fluclu.itions and huiuhed miles from the Pole In ihe autumn 
seasonal cli.inges, the elftcts ol varying coiidi- ol 193(> .i new and more elaboiate radio and 
tioiis, the influence of pol.ii \ie,ither on the rneteoiological si ition was constructed on this 
'■Iimates ol Luiope and Asia T hex wanted to island \ x'lll.igc w.is built on the shore ol 
disrovci the laxxs th.it govern the diift ol ice ’I’ephtz Bay to house the paitx of workeis and 
in the polar basin, the nature and direction of scientists, and nearby an aerodrome was 
I he currents and the marine hie of the Arctic erected 
Ocean . . , 

BOUND FOR THE NORTH POLE 

TRANS-POLAR AIR LINES The aeioplanes to be used on the flights from 

“ Data of wcdtln r conditions in the Arctic,” Rudolf Ishind to ihe Pole had to be specially 
the same authority adds, “ will permit a more piepared They were painted orange, a colour 
exact weather lorccast for longer periods that shows up w'cll against snow, in case of 
throughout the territory of the Soviet Union forced landings Their engines weie encased in 

I’he determination of the magnitude of magnetic special coverings, and instead of water a special 
deviation in the central Arctic region will make anti-freeze mixture was used in the cooling 
an navigation in high altitudes a much easier .sy'stems Special navigational instruments had 
matter. Finally, the existence of a scientific to be earned, since it was not known how 
station at the Pole will lay the foundations for magnetic compasses would work in the polar 
the organization of transpolar air lines connect- regions. The planes’ wiieless equipment enabled 
ing Europe and America ” them to keep in touch with stations on the 
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continent within a distance of three thousand 
two hundred and fifty miles 

The four Pole-bound planes took off from 
Moscow on March 22, 1937. Making halts at 
Archangel, the Pechora River and Novaya 
Zemlya, they arrived at the Rudolf Island 
station on April 18, there to be greeted by the 
twenty-four inhabitants ol the village. 

LANDED ON AN ICE-FLOE 
On May 5 the plane N-166, with a crew of 
five, flew fiom Rudolf Island to the Pole, but 
thick cloud prc\ented it from landing there 
Six days later another plane was sent north- 
wards on a reconnaissance flight, but it was 
forced to turn back and to land on an ice-floe 
sixty-five miles north-west of Rudolf Island 
This was the first time a plane had landed on 
an ice-floe in the central polar basin a delicate 
operation Amundsen had held to be impossible 
The crew were forced to spend seven days on 
the floe m a raging blizzard, but they kept in 
wireless communication with Rudolf Island, 
and on the fouith day a cargo of supplies, 
including petrol, warm clothes and pickaxes, 
was flown from Rudolf Island and droppid bv 
parachute On May 17 the floe began to bieak 
up and the crew were compelled to lake off and 

\ 


return to Rudolf Island. Their week’s sojourn 
had taught them much about the conditions 
likely to be encountered at the Pole 
On May 21 N-170, the giant aircraft of the 
expedition, took off for the Pole with thirteen 
men Those left behind crowded round the 
wiieless set anxiously listening to the plane’s 
news All went well until 11 12 a m , when a 
message was broken off in the middle ol a 
sentence. For ten hours thereafter no further 
word was leceived 

The Rudolf Islanders waited in nerve-racking 
suspense while Moscow kept angrily inquiring 
over the ether what thev intended to do and 
why they had allowed the .N'-170 to set out in 
bad weather 

RADIO FROM THE NORFH POLE 

Finally, late in the evening, to the intense 
relief of the listeners, the lollowing message 
came through Irom the Pole Love and 
kisses stop all alive aeroplane intact stop . .” 
That was unofficial, but shoitly alterwards 
olficuil wireless message number one Irom the 
North Pole was sent round the woi Id Here 
arc some extiacts Irom it, as given in L Bront- 
man’s On the Tnp rij the IVor^d 
“At 11 lOarn aeioplane USSR .V- 77(9 . . . 




j. 


CLIMB THAT ENDED IN DISASTER 

TIk fourth German expedition to attempt to climb Nanga Parhat Peak, m the Himalayas. The men are 
marching to death, /n 1937 a fifth German Nanga Parbttt expedition was wiped out by an avalanche. 
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flew over North Pole stop to make sure flew a 
little further stop then Vodopianov (pilot) came 
down fiom five thousand feet to six hundred 
comma breaking through dense cloud began 
looking floe lor landing and setting up scientific 
station stop at eleven- thirty-five Vodopianov 
made brilliant landing stop unfortunately while 
sending message that Pole reached sudden 
short circuit occurred stop ice-floe on 

which we are stationed lies about twenty 
kilometres bevond Pole . . . ice-floe quite suit- 
able for scientific station remaining in drift at 
centre ol polar basin stop . . . Schmidt chief 
of expedition.” 

REVENGE ON THE ELEMENTS 
On the lollowmg day, May 22, the first 
weather report iroin the Pole uas broadcast, 
and later on the same day Schmidt .sent a 
message in which the following sentences occur • 
“ '1 he first tw'entv-lour hours ol the Soviet 
polar station at the North Pole are ovei stop 
five tents have sprung up on the dnlting ice-floe 
alongside the aeroplane stop two wireless 
masts erected weather observation hut put 
up comma theodolite standing on tripod lor 
observations <il height of sun and determination 
ol our position and its changes w’lth icc drift 
stop first meteoiologiral repot is reached Moscow 
according to schedule and wi re included in 
general weather report consideiabU increasing 
the information required to forecast oialhcr 
. we have now taken revenge on lli< 
elements for the loss ol the <.,hel\u\kiii . ” 


1 



aeroplane solves arctic mystery 

A cairn left by the Franklin Expedition of 1847, 
Discovered from the air in 1930. 



IN DESOLATE KING WILLIAM’S LAND 
The remains of one of Franklin s heroes, discovered 
eight y-thee yeai s after the tragedy 


The question ol the ownetship of the .North 
Pole was discussed by the membeis of the 
expedition alter an Cnglish newspaper had 
asked .Schmidt bv wireless to give an opinion 
on the matter Schmidt’s unoHit lal conclusion 
was coucIkcI m these teims “ The English say 
that the sea belongs to the nano.i that has the 
strongest nasv We c.ai say that tfie \oiLh Pole 
belongs to the nation which has the strongest 
au fleet ” 

ANIMAL I lEE AT THE POLE 

Five days alter the first party had landed at 
the Pole they were )otned by the occupants of 
thiee othci planes, who brought with them over 
ten Ions ol supplies, iiKludmg scientific instru- 
ments and food .‘Vftci a few weeks all the 
planes returned to Moscow by way ol Rudolf 
Island, taking home thirlv-five members ol the 
expedition Four men remained at the Pole 
Ivan Papamn, commander of the station, Ernst 
Krcnkel, wireless operator, Peter Shirshov, 
hsdrologist, and Eugene Fiodorov, magnet- 
ologist 

Among the first exciting discoveries they made 
was that, contrary to expectation, there was 
animal hie at the Pole A water-bird was seen 
on June 3, and captured soon afterwards. 
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Before that a polar sparrow had been heard 
singing. Later a white she-bcar and two cubs 
were seen at the Pole 

The water underneath the Pole is amazingly 
warm at certain depths. The usual temperature 
of surface polar water is between 1.6 and 2 
degrees centigrade below zero, but between 
eight hundred and twenty and one thousand 
eight hundred and seventy feet down there is a 
warm stratum. Below the latter depth the 
temperature gradually falls. The water under 
the Pole was found to be fourteen thousand and 
seventy-five feet deep, and there the teniperatuie 
was about 1.23 degrees centigrade below zero. 

LIFE FIVE MILES DOWN 

Nansen held that life in the central area of 
the Arctic Ocean vias very scarce this view the 
Soviet scientists disproved They let nets down 
into the water and drew them up full of plankton 
(drifting or floating organisms). From a depth 
of three thousand two hundred and fifty feet 
they brought up molluscs, medusas and crabs 
It was estabhshed that life existed in polar 
waters at nine thousand eight hundred and forty 
feet. 

Wireless w'eather reports were sent out 
regularly four times a day. Krenkcl held 
short-w'ave conversations with wireless amateurs 
all over the w'orld in Hawaii, Australia, 
Ireland, London, New' York 

The icc-floc on w'hich the scientists were 
living was continuously diifting away fioiii the 
Pole The couise it was taking, if pursued long 
enough, would have brought them to the 
North Atlantic between CTi-eenland and .Spits- 
bergen. 

The speed of the drift was 4 16 miles a day 
during the first seventeen days, but it tell to 
about 1 5 miles a day during June and July 
In August It rose again to average 2 3 miles a 
day. 

IN A PERaOUS SITU.ATION 

By the first week in December, 1937, when 
the station had been maintained for over six 
months, the ice-floe was rapidly approaching 
the danger line eighty degrees south, where the 
ice-floe would crumble very quickly It had 
travelled nearly eight hundred miles and was 
already showing signs of cracking. The situation 
was perilous. 

In January, 1938, Professor Schmidt was 
ordered by the Soviet Government to lead a 
rescue expedition. Ice-breakers and aeroplanes 


were got ready and the survey steamer Murma- 
netz, then operating within two hundred miles 
of the ice-floe, was ordered to assist Schmidt’s 
efforts. 

On February 2, Papanin and his three 
companions abandoned their original ice-floe, 
which showed signs of imminent breaking up, 
and succeeded m getting on to a safer one, 
complete with their instruments and records 
Seventeen days latei they were rescued by the 
Soviet ice-bieakcr Taimyr, and the Murmanetz. 
The news of the .successful conclusion of their 
great effort was received with acclamation and 
relief throughout the whole civilized woi Id. 

SCHMIDT SUMS UP 

When Schmidi arrived back in Mo.scow at the 
end of June, 1937, alter establishing the ice-floe 
.station, he declared that the expedition had 
already cleared up the problem of the connec- 
tion between the weather of Noilhein Russia 
and .Northern Ameiica Moreovei, he hoped, 
altei establishing a series of ice-floe camps, to 
solve the woild’s weather pioblciri 

Schmidt pointed out that before a tianspolar 
air seivice can be established, Ganada and the 
United .States must fust undeiiakc the task, 
which Russia had pioneeied, of creating a vast 
iietwoik of wiieless and weather stations inside 
the Aittic Cm le He .idded that an expei icnced 
pilot could l.iiid am where in the .Arctic and 
that specialK constructed landing places w’cic 
not iicccbsarv 

PROGRESS HAS ITS PRICE 

Thus Science inaiches on hci pui poseful way 
to ever greater conquests T he supposed fact of 
yesterday becomes the myth of today, to be 
forgotten by all other than Ui Drv-as-dust, who 
duly records the pa.ssing iii a dull tome How 
many gallant souls havt given their lives in 
pursuit of knowledge in the Arctic and Antarctic 
none knows Man’s perpetual inquisitiveness 
has to be paid for in a myriad ways, not one of 
which precludes the possibility of the supreme 
saci ifice 

Ice, snow, blizzatd and howling gale have 
taken heavy toll in the frigid realms of King 
frost, but they have not cieleated the pygmy- 
giant called Man, perhaps because he is 
unconquei able That more of the desolate 
regions will be put to service in the not far 
distant future is beyond question, since no 
land IS really remote in an age of wmgs and 
of wireless. 




RESTING AFTER REACHING THE STRATOSPHERE 
The gondola of the balloon in Hhuh Pio/eMor Puiard and Dr Max ( mins made an astent into the \tiato- 
sphere, in August, 1932, after it had landed Cosyns is reclwint; , Piccaid n lying down 

EXPLORING THE ROOF OF THE WORLD 

T hf roof of tlie \\otld Surely a tarn iful but it sciceiis us from the mvstenous and 
d(*s( t ipliori, says the sceptical leader, dcadlv force known as cosmic radiation 
“ suite in actual lari (he \sorld has no The existence of this roof that we call the 
roof" Such a lemaik would have been lulK stratospheic was not even suspectrd h<>ll a 
justified until rtceiitly, but now scientists know centuiy ago As yet our kriovvledj^e of it is very 
Its falsity the W'oild h,is a loof scanty, but we know enough to realize that its 

Look at the sk\ on a cloudless June day, and further exploration will involve a radical 
what do you see-' Nothing, except the empty alteration of our conception ol the umveise. 
blue Glance upwards on a frosty night in It is no exaggeiation to say that, lioni the 
Nov cmbei, and what do you see ’ Little points scientific point of view, the discovery ol the 
ol light which leprcscnt iiurcdibly distant stratospheic was an event beside which the 
heavenly IxKiies Your eves tell you, both by discoveiy ol America jiales into insignificance 
day and by night, that if the world has a loof Columbus opened up a new world, the strato- 
it must be millions of miles away But your eyes nauts an opening up a new universe 
are misleading you The underneath part of At the dawn of the twentieth century there 
the world’s roof IS less than ten miles above your were yet parts of the earth’s surface to which 
head man had not penetrated The explorer was still 

Scientists do not call it the world’s roof, they one of the most romantic of men There 
use a more high-sounding term, the stratosphere remained the vague hope in the minds of 
But a roof it IS in simple tiuth, for not only does adventure-lovmg people that hidden away in 
It protect us against extremes ol heat and cold, some yet unexplored corner ol the world there 
and shield us from the meteors which aie were wild and wondeiful phenomena quite 
continually hurtling earthwards through space, unlike the prosaic things of everyday life 
like missiles from the catapults of outraged gods. But the century was only three years old 
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when the Wright brothers learned how to fly 
a fully controlled machine through the air, 
and before many decades had passed the 
aeroplane had enabled men to soar over Everest, 
to photograph the impenetrable forests of the 
Amazon, and to map the icy white expanses of 
the polar regions I'he flying-machine had 
roblted the earth’s surface of its mystery 

And while map-makers were taking to the 
air to do in a few hours work that would 
formerly have occupied years, miners were 
burrowing deep down into the bowels of the 
earth and divers weie descending into the 
Stygian gloom of fathomless seas The miners 



PICCARD S BALLOON INFLATED 
Ir\flatecl to one-seventh capacity to allow for expansion 
due to decreasing atmospheric pressure 


reported that the temperature increased by one 
degree for every two hundred feet that they dug 
down and that at a subterranean depth of 
three thousand three hundred feet the heat was 
almost intolerable Gone were any wild hopes 
that man might, mole-like, burrow his way to 
the core of his III lie w'orld 

But what of the sea ■’ It proved equally 
unpromising Dr William Beebe, the greatest 
diver of them all, built himself a spherical 
chamber of steel and had himself lowered to a 
submarine depth of half a mile He observed 
many wondei's on the way down, but returned 
to the surlace to report that the obstacles to 
further descent were, in the piesent state of our 
knowledge, well-nigh insuperable 

EXPLORING THE UPPER AIR 

Refused a passpoit to the icy, inner regions 
ol the kingdom of Neptune and the btry depths 
of the realms of the uiiderwoild, man looked 
heaveiiwaids He haidly kntw wliat to expect 
in that direelion, but wlial he found exceeded 
his most lantastie miagiiimgs 

Before we pioeeed to tell of the amazing 
things that man has clone and leaint sinec he 
seriously set about the business of aiiial 
exploi.ition, Ici us set how he tame lo discover 
that this exploi.ition was both possible and 
wuith while 

■f ht stoiv of till study ol the upper an may 
lx s,iid to begin in iht vear 1749, when Dr 
Alex.indii Wilson (list sent up kites to which 
thei uiomeleis wire .itlaelied, in ordei that he 
might ie.iin something aliout temperatures high 
above the earth I hirtv'-hve years latei 13r 
Jefferies and Jean Blanchard made balloon 
.iscciits with the same ohjtcl 

DIFFICULI TO BREATHE 

The expciinieuts of these pioneers were 
repealed by othei adviiiturous and inipjisitive 
ouls at iricgular intervals throughout the 
nmetceiuh century, and gradually a fairly large 
liody of knowledge ronceimng the upper air 
w.as amassed 

It was obvious liom the beginning that the 
conquest ol the upper an would be no easy 
matter 

The fialloonists discovered that as they 
asrenderl the atmosphere got progressively 
colder, ihmriet and lighter The increased 
coldness threatened lo freeze them to death, 
the increased thinness made it difficult for them 
to breathe, and the progressive lightening of the 
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INSIDE THE GONDOLA OF A STRATOSPHERE RALLOON 
Profasor Augiisle Pucaid (left) and his htothcr. Dr Jean Piccard, in a ^fatospheie i^ondola Auguste 
Piciaid and Paul Kipjer were the fust men to reach the itiatosphere Then \scnt to auds cosmic radiation 


air afrccted ('very part of their bodie,s in fin 
alatiniiig wav 

Among tlx most d.tiing and stitcesslul ol the 
rally uppei-aii (\ploieis were James Glaisher, 
a learned mernliei ol the British Associ.itioii lor 
the Advancement ol Scierue, and Heiirv 
1 Ccrxvvell, an expeiiented ballooni't Duimg 
tlie period 18 (j 2 IBtiO they made twentv -eight 
ascents in the gondola of balloon wliuli 
had a capacity o! iiiiuiy thousand cubic feet 

LNCONSCIOL'S IN A BALl.OON 

'lliey claimed on one tiip in 18()2 to have 
attained the then iiKi edible height ol thirty- 
seven thousand fti t, but this figuie has not been 
unieservedlv acicpted because (ilaishei lost 
consciousness when the balloon was at a height 
ol only twenty -nine thousand leet It was then 
ascending at the rau- ol one thousand leet a 
minute, and when he recoveied his sinises 
tint teen minutes latei the balloon was tailing 
two thousand feet a minute, so he calculated 
that It had topped the thirtv-seven-thousand- 
leet mark. However this may be, there is no 
doubt that he rose at least thirty thousand feet 

Glaisher made multitudinous observations 
concerning the properties ol tlie uppei air at 
various levels its temperature, the amount ol 
moisture it contained, its electrical state, its 
oxygenic content, among other things He also 


recorded the eilects asrt nts had on the human 
bodv His [lulse-i.ue mci eased irom sev( ntv-si\ 
beats a minute at giound-levrl to one hunched 
and 1(11 .It ovei twinry thousand leol -At ihis 
elevation he could he.ii the labouicd puls.itious 
ol Ins heal I, and his bicath came ni pants when 
h( ai tempted the least mov'cment As the balloon 
.iscended lui ther a piotound lethargy came 
upon him, until at last he lost const lousness 

1 he news of such experiences were not 
r.iltul.ited to enconiage otheis to emulate 
Gl.iishei’s leals, hut nev ei theless ascents con- 
tinued In 1875 Gaston Tissandier and two 
(omp.Tiiions ascended Irom Pans to tvienty- 
seveii thousand nine hundred and fifty feet, 
hut only T'lssandiei survived to tell the tale, 
his friends being suffocated 

PROBLEMS OF THE ATMOSPHERE 

Glaisher’s altitude record remained unbeaten 
until 1901, when Dr A Berson and R J Sunng 
reached a height ol thirty-four thousand five 
hundred feet oi more There is some doubt as 
to the exact figure, because like Glaisher, forty 
years earlier, Berson and Sunng lost conscious- 
ness before the balloon began to descend, 
despite that they carried with them a supply of 
oxygen. They may have reached thirty-six 
thousand feet. 

About ten years before Berson’s gieatest ascent 
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students of the weather revived on a large scale 
the practice ot sending up small unmanned 
balloons contaimng self-recording instruments. 
These balloons were very much Jess expensive 
than the manned variety, and they had a 
further recommendation in that they did not 
involve risking lives Their use was taken up by 
Leon Teisserenc de Bort (1855-1913), a French 
scientist who had a meteorological observatory 
at Trappes, near Pans, where he was carrying 
out an intensive investigation of the problems 
of the atmosphere 

When de Boit commenced his experiments he 
believed, m common with all other meteorolo- 
gists, that the higher one rose the colder it 
became, until at some point miles above the 
earth the absolute limit of coldness — about 
two hundred and sev'entv-threc degrees centi- 
grade below zero — was reached This belief 
was founded on the e.xpenenccs of the aeronauts 
who knew to their pain that the higher they w'ent 
the colder it became 

It had been fairly well established that 
temperature fell at an average rate of thiee 
degices Fahrenheit for eveiv one thousand Icet 



PICCARD ENTERING GONDOLA 
The gondola ivot an hermetically sealed aluminium 
sphere fitted with small glass windows 


ascended, and in 1894 Berson, going up from 
Strassfurt, had recorded a temperature of 
fifty-four degrees centigrade below zero at a 
height of thirty-one thousand five hundred feet 
Was it not legitimate to presume that the tem- 
perature continued to fall at the same rate 
aliove the thirty-thousand-fcet mark'’ In the 
absence of any evidence to the contrary it was 
universally so piesumed. 

TEMPERATURE ALWAYS THE SAME 

But between 1899 and 1902 de Bort sent 
hundreds of ballotin-borne ihcimometcrs to 
levels well above those attained by men, and 
his instruments told him that above .i height of 
about SIX oi seven miles the temperature did 
not tontimie to fall but leniauied constant at 
alaout fifty-five degrees centigiadc below zeio 
In the light ol our pieseiit knowledge we regard 
this discovery as one ol the most impotiant in 
the whole history of science 

This layer ol constant tempi lature, which w'as 
later discovered to extend all lound the globe 
and to ha\e a depth ol abotil iwinly-five miles, 
was tailed the stratosphere Between it and the 
atmosphere in which we live, winch i xtends lot 
about five miles above our leads and is known 
as the trojKssphire, then is a boiindarv legion 
with a thickness ol appioximalely two miles 
called the tiopoji.iuse 

So wt Ml’ that II IS now known that within a 
distance ol un miles .ibose ihe eaitli there arc 
two distinct lasers ol upper ,ui and the begin- 
nings ol a third, wheieas it had lornicrh been 
supposed that theie was only one aUilosphcri 
and that this gradually giew thinnei, lighter 
and colder, at a unifotrn lati, until " nothing- 
ness ” was reached 

NO EMPTY SPACE 

Now we are .uvare that there i no such thing 
as '* nothingness ” no “ empty space ” Above 
the roof we call the stratospheic there are 
phenomena so unlike anything ive are larmhai 
w'lth that we can as yet tmly guess at their 
natures and origins No longei can mystery be 
lound upon the earth —or so we think — but the 
atmosphere contains enough of it and to spare. 

The stratosphere is always further from the 
earth’s surface in equatorial than in temperate 
regions, and although it always remains quite 
distinct from the troposphere, il does not always 
maintain the same height above any one pait 
of the earth’s surface Thus it may be thought 
of as a thick, elastic balloon loosely enveloping 
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STRATOSPHF.RE GONDOLA ON A Slt-DGE 
The gondola in which Projcscor Piccard and his assistant made the jirsi ascent into the stratosphere landed 
on the Cioss Giiigl T enter glaciei m the Oetzwald Tirol It was lianspoited thence to Innsbruck 


the earth The balloon is always bulj'ed out 
aiound the Lquatoi, but it is her, within limits, 
to van the tlistaiici. tli.il separates it iiom any 
pait ot the eaith 

“ ABO\E THE WEATHER ” 

Further, when we dcsfnlx the sti.ilosplieie 
as a region of eonstant tempeiatuie, we do not 
mean that the tenipcraluic in even part of it 
IS the s.irae but on!> that the teinix ratuie in all 
Us pans neithei increases nor clerieases with 
height 1 he stratcisphenc temperature over the 
poles appears to vary between sixty-one degiees 
and forty-six degrees centigrade below zero, 
while over the Ecjuatoi it always remains at 
alxuit hf tv -three degrees centigrade below zeio 
Hut foi practical purposes it is true to say that 
the stratosphere, has a constant temperature of 
about fifty-live degrees centigrade below zero. 
In the coui-se of discussions about the possi- 
bility of aeroplane flight in the stratosphere, one 
frequently hears it said that stratonauts will be 
able to fly “ above the, weather ” This is true 
in the sense that the weather up there is quite 
unlike that of the troposphere For one thing, 
there are no clouds m the stratosphere and 
therefore neither rain nor mist But it must not 


be assumed that it is weathciless, smci it seems 
probable that terrihc gales of wind are native to 

It 

The most iiiysienous of siraiosphenc pheno- 
mena are ihi rosmir lays, in order to study 
winch. Dr Auguste Piceaid made the first ascent 
into this ri'gion The souice ol thrsr lays of 
clectnca! energy is somewhere lar beyond the 
uppeimost limns ol the stiatosphere, but so 
great is their penetrating power that they not 
only reach the surface of the earth but go deep 
underground and far into the sea. 

PASSING THROUGH OUR BODIES 

To bar their passage on the earth's surface 
It would be neccssaiy to erect a barnei ol solid 
lead, thirty-two feet thick They aic continually 
passing through our bodies, and were they 
to reach the earth in their lull intensity they 
would certainly kill us Fortunately, they are 
filtered and screened in their passage through 
the upper layers of the air 

When their existence was first detected 
various theories about their source were put 
forward After balloon observations had shown 
that they did not originate in the earth or 
anywhere in the troposphere, but that their 


94' 


EXPLORING THE ROOF OF THE WORLD 


strength increased the higher one went, it was 
obvious that the best way to learn more about 
them was to study them at as high an altitude 
as possible 

That any attempt to get nearer their source 
might quite easily mean death did not deter 
Dr. Piccard and his assistant, Paul Kipicr, 
when, in 1931, thcv were making their prepaia- 
tions to ascend to the roof oi the world in the 
gondola of a balloon 

REGION OF MYSTERY 

In 1931 the altitude record lor balloons still 
stood where it did \vhen Berson and Suring 
made their thirty-four thousand five hundred 
feet ascent thirty years pi cviously, but aeroplanes 
had gone higher In 1927 Lieut C C Cham- 
pion, of the United States, beat Beeson’s lecord 
by four thousand feet, and in 1930 another 
American, Lieut A, Soucck, went up to 
lorly-three thousand one hundred and sixty- 
seven feet At this height the plane was still 
below the ground floor of the stratosphere 
Piccard was determined to take his balloon 
right up into the region of mystery 


Piccard’s balloon was quite unlike any that 
had been used before. Its gondola was an 
hermetically sealed dlumiiiium sphere, seven 
feet in diameter, wherein the stratonauts were 
protected from the worst effects of the reduction 
of atmospheric pressure in the upper air. It 
was fitted with small glass windows of great 
thickness and strength, through which observa- 
tions could be made A large supply oi oxygen 
was carried and elaborate precautions were 
taken to ensure that the occupants of the 
stratospheric sphere w'ould not be lioi'en to 
death Ciinously enough, their fear of freezing 
proved to be groundless They actually suffered 
from intense heat duiing the ascent 

ESCAPE OF GAS 

The balloon's envelope had a diameter of 
nearlv one hundred feet and a capacity of 
four hundred and ninet\-four thousand four 
hundred cubic feet It was inflated to only 
one-seventh ol its capacity, so as to allow for 
exp.insion due to elect c.ising atmospheric 
pressure as it ascended Had it been fully 
inflated on the giound it would have burst 



PROFES.SOR PICCARD’S BALLOON ON FIRE 
A balloon in which Auguste Piccard wa\ about to make an attempt once ogam to reach the stratosphere bv 
hot air caught fire at Zell’ih, neat Brussels, in May, 19.37, and was destroyed. 


exploring the roof of the VVORl.D 
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TRANSPORTING A BALLOON BY MAN-POWER 
Professor Piccard's balloon before it was inflated prior to the second ascent into the stratospheie on August 10, 
1932 It asi ended from DiibetidoiJ Aerodrome, Zunch, and reached a height of about ten and a half miles. 


bcibre it had risen many thousand feet 

On May 27, 1931, just before the aMcnt was 
due to commiiife, the sphere was knotked off 
Its support and slighth narked Pictaid and 
his coiMiianion initiicdiatf ly scaled die tinek 
with cotton waste and vaseline, but it remained 
a souiec of (onlituial aiiMcty all the time lltey 
weie in tlie an I'lie aendent caused a leak to 
develop in one of tin ox\ tfen-supfiK evlindeis, 
allowing a ciuanlit> ol the precious gas to 
escape 

C010LR& OF THE UPPER AIR 

Taking off lioin Augsbuig, ticiinany, the 
stiatonauts lose ovti loitv-iinu tlioiis.md lc< t 
in the first twent>-hv( ininuus 1 his rale ol 
cliinbirig was soon discoveied to be exeessivi 
since It caused the spheu to vibiate violcnlK, 
damaging some ol the instiiiniciUs 

Altei icaching a ceiling ol filt)-oiic thousand 
seven liundied and seventy-live lett, or miles, 
the balloon cliilted for many miles, and while 
It was doing so Piccard and his comp.iinon made 
obseivatioiis Towards nightlall they descended 
above Olietguigl in the Oetzwald Tiiol and 
landed safely on the Gross GurgI Feinci glacier, 
fiom which they were rescued by amazed 
peasants 

The various mishaps that had befallen the 
first stratoiiauls prevented them liom dis- 
covenng as much as they had hoped, but the 
main aim of their ascent — the asceitaimrig oi 
the intensity of the cosmic rays above the tropo- 
sphere — was achieved Moreover, they had 


proved that it was possible for human beings 
to entei the straiosplu K and survive 

Dr. Piccard wa- lortuiute enough not to 
encounter any giiis and be was enthralled by 
the beautiful coloiii.s ol the upper air Tin sky 
w'as inteiiselv blue, and the moon shone 
bnlli.intiv ( veil ai midda) 

Di Piccard made a second ascent on 
August 10, 1932, accompanied by Dr Max 
Closvns He look otT born Dubendoif Acio- 
dromc, near Ziiiuli, i cached a lic'ighl of about 
lo.j miles, icmamcd in the an loi twelve hours, 
and descended ten miles south of Lake Garda 
Evcrvthing went accnidiiig to schedule on iliis 
occasion, and .illhougli the tvvo stratonauts 
suficied as scvercTv bom the cold as they had 
from the luai on then first trip, they were able 
to carry out all then intended observations. 

IN THE INTERE^STS OF SCIENCE 
It is inleiestiiig to note that Dr Piccard was 
never concerned with ret ord-breakiiig for its 
own sake and was very much surprised at the 
fame that his ascents bi ought him He laughed 
at the suggestion that there was anything heroic 
in lus cs-pioits To him they were simply routine 
experiments that had to be carried out in the 
inteicsls ot science 

It is alleged that nothing would induce him 
to get into an aeroplane He regards travelling 
in machines propelled liy motors through the 
dll as ‘ altogether too risky.” 

The first persons to emulate the Swiss 
piolcssor vverc Commander Prokolicff ol the 
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Red Army and the Soviet scientists Birnbaum 
and Goudounoff, who together ascended to a 
height of sixty-two thousand three hundred and 
twenty feet, or nearly twelve miles, on Septem- 
ber 30, 1933, just one hundred and fifty years 
after Jean Pilatre de Rozier made the first free 
asoent in a manned Montgolfier balloon. 

The Soviet stratostat balloon U S S R., the 
largest of its kind ever constructed, took off 
Irom Moscow and landed 8^ hours later near 
Kolomna, sixty miles from the starting-point. 

Piccard and Max Cosyns narrowly escaped 



AMERICAN STRATOSPHERE BALLOON 
In 1934 this United States Army balloon reached a 
heisht of sixty thousand feet, then burst. 


being frozen to death, whereas the Soviet 
stratonauts seemed more likely to have been 
cooked alive, for while the temperature outside 
their spherical duralumin gondola was 88 6 
degrees Fahrenheit below zero, it was eighty-six 
degrees Fahrenheit above zero inside it. 

Birnbaum and Goudounoff reported that 
the atmospheric pressure at the maximum 
altitude attained was about fifteen times that 
on the earth’s surface. 

CRASHED TO DEATH 

Two months after this great Soviet ascent, 
Lieut.-Commander T. G. W. Settle and Major 
C. L. Fordney, of the United States Maiinc 
Corps, ascended fiom Akron, Ohio, to a 
height of approximately 1 1 J miles, thus surpass- 
ing Piccard’s effoits but not those o( the Russians. 
The balloon came down late at night in a salt 
marsh on Delaware Bay near Bridgeton, New 
Jersey The stratonauts spent the night wrapped 
in the folds ol then balloon, and when morning 
came Fordney had to swim a swamp and tramp 
through three miles of bog before finding a 
homestead. The gondola was badly damaged, 
but the instruments were recovered and 
handed over to Professor Robeit Millikan, one 
ol the greatest authoiities on cosmic radiation 

One of the best-eijuipped balloons that ever 
took the an vw'is the Soviet stiatostat OwavtaU 
khim, in which P F Fedoseyenko, A B. 
Vassenko and I Usyskm crashed to their 
deaths in January, 1934, aftei having attained 
the unpiecedentcd height of Idj miles (seventy- 
two thousand feet). 

SMASHED TO PIECES 

The Osoai'ialkhim measured one hundred and 
seventy-seven feet from its tip to the shock- 
absorbers beneath the gondola and weighed 
about two tons The balloon, made of five 
thousand metres of rubberized fabric, had a 
diameter ol one hundred and fifteen feet and a 
capacity ol twenty-five thousand cubic metres. 
The shell of the spherical gondola was of non- 
magnetic, rustless steel, seven-tenths of a milli- 
metre thick— that is, of the thickness ol a 
razor-blade It had six observation windows 
and was fitted with a penscope 

No fewer than thirty scientific instruments 
were carried, but when the ropes holding the 
gondola to the balloon were torn away, causing 
tlie gondola to crash to the ground, the majority 
of the instruments were smashed to pieces. The 
barograph-records, showing the height attained, 
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ARTIFICIAL REPRODUCTION OF HIGH-FLYING CONDITIONS 
hermetically healed chamber in the high-flying section oj the Aviation School at Monteceho, Italy 
Experiments being made to test the reactions of pupils to breathing conditions similar to those at gieat altitudes 


as well as the crew’s log-book, were recovered 
from the wreckage. 

The Osuaviatkhim was fitted with broadcasting 
apparatus, and throughout the ascent the crew 
kept in constant touch witli those at the base. 
As the descent began they repoi ted " All well, 
but visilality very poor, and we do not know 
our exact bearings not where we ai'e likely to 
laud ” 

A little hater, it is alleged, an unoffiual 
listener picked up the following dramatic 
message “ Attention— stiatostat calling — grave 
— report this — stratostat in /one of heavy mois- 
ture — ice-coated- -position hopeless — we falling 
— ice sucks on us — my two comrades in bad 
state — that is all.” 

STRATOSPHERE AIR RAIDS 

In explaining why the Soviet Union takes so 
great an interest m the stratosphere. Professor 
ProkofiefT, the commander of the record bi cak- 
ing stratostat U S S R., is stated to have said : 

“ We know, of course, the enormous impor- 
tance of studying the cosmic rays But that is not 
our chief aim. Once the stratosphere has been 

M M — I) 


conquered, a problem which will be solved 
within a very few years, the tnonnous si/e of 
our country will no longer protect us There- 
fore, we must be the first to conquer the 
stratosphere Nobody will then be able to make 
a stiatospheie an raid on the Soviet Union ” 

LANDED BY PARACHUTE 

About SIX months after the Osoaviatkhim 
cr.ished, American listenors-in were being 
enlc‘1 lamed by a bioadcast fiom the gondola of 
a balloon which held three United States Ainiy 
stiatoiiauts The hardv adventurers, Majoi 
William Kepner, Captain Albeit Stevens and 
Captain Orvil Anderson, had taken off from 
Rapid City, South Dakota, in an attempt to 
reach a height of fifteen miles 

The ascent was uneventful until the sixty 
thousand feet level was reached Then hsteners- 
in were staggered by hearing Kepner say : 

“ We have just heard a noise like a deep 
grunt. Something hit the top of the gondola. 
It was flapping fabric. There’s a hole fifty feet 
long and a yard wide in the balloon. We have 
stopped climbing ” 
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The balloon dropped quickly to thirty-six 
thousand feet, where it ran into a gale which 
forced it upwards again. Then came the 
words : 

“ The bottom of the balloon is tom out. I 
don’t know how long it will hold together, but 
we are coming down as easily as we can.” 

Later, Kepner said “ W'e keep hitting cold 
air. We are dropping five hundred feet a 



WF_TCrHFD SEVEN TONS 
This record-breaking stratosphere gondola »vighed 
seven tons and had a diameter oj nine feet. 


minute.” Again, “ . . dropping over sixty 
miles an hour . . going to jump . ” 

At five thousand feet the balloon envelope 
split from top to bottom The gondola door 
burst open and Anderson, who was leaning 
against it, was thrown out Kepner followed 
him imrnedi.itely, but Stevens remained until 
the balloon was only five hundred feet alxivc 
the ground All three were wearing parachutes 
and they landed safely in a ploughed field near 
Loomis, Nebraska, three hundred miles from 
then starting-point 

On Aimistice Day the following year (1935), 
Stevens and Anderson succeeded in breaking 
all records by reaching an altitude of fourteen 
miles (seventy-four thousand one hundred and 
eighty-seven feet) m the United States strato- 
sphere balloon Explorer II Their gondola had a 
diameter of nine feet and weighed seven tons, 
or over nine times as much as Piccard’s. The 


balloon had a surface area of 2| acres and a 
capacity of three million seven hundred thousand 
cubic feet. 

The equipment carried included three lead- 
encased instruments for testing the strength of 
the cosmic rays, a battery of cameras, a number 
of thermometers and various light-testing 
devices. But the most curious part of the caigo 
was a batch of flies’ eggs, which were exposed 
to cosmic radiation in order that its effects 
upon them might be studied. From the 
scientific point of view this ascent proved 
exuemely valuable. 

NOT OFFICIALLY RECOGNIZED 

What were the high-altitude aeroplanes doing 
while these balloons were making stiatospherc 
history^ The answer is disappointing 

We have seen that when Piccard first went up 
in 193! the aeroplane .iltiludc-record stood at 
foity-thicc thousand one hundred and sixty- 
seven feet It was raised some one thousand 
SIX hundred leet two years latei by a Fienc liman, 
Gustave Lemoine, who shortiv altci wards met 
his death when his parachute laik d to open after 
he had been forced to jump fiom his machine 

Commander Renato Don.iti, of Italy, fkw 
his Bristol-powried Capioni to loit>-seven 
thousand thiee bundled ami hlty-two leet m 
1934 In the same ve-ai Wiley Post lose loity- 
eight thous.uid It et above (.Iklahoma in Winnie 
Mae, the plane ht had driven loimd the world 
in seven days, but his rccoid did not retcive 
ofhijal lecogiiitioii for technical reasons Like 
Leinoine, Post was killed in an accident soon 
afterwards. 

RECORD WRESTED FROM ITALY 

In August, 1936, Fiance wrested the record 
from Italy by sendtng a standaid military plane 
with an cx'tra-supcrcharged engine to foity-cight 
thousand seven hundied feet, but six weeks later 
Squ.idron-Lcader F. R D Swam, of the Royal 
Air Force, flew a specially designed monoplane 
to over foiiy-nme thousand rune hundred feet 

Made by the Biistol Aeroplane Company, 
this British recoid-breaking plane consisted 
almost entirely of wood except for the engine 
and Its mounting With a span of sixty-six feet 
and a length of forty-four feet, it weighed 
five thousand three hundred and ten pounds 
loaded. The Pegasus-type radial engine had 
nine cylinders and a capacity of 28 7 litres. 

The only remarkable feature about the 
cockpit was Its sliding, transparent roof. 
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REACHF.n A HBIGHT OF FIFTY-THREE THOUSAND FEET 
Powered hy a mne-i ylinder Pegoius-tvpe utdial engine, ihn plane wen pthied lo a height of fftv-lhrce 
thousand tune hundred and thirty-ieven feet (10] mtki) hy Flight-Lieut M J Adam in May, 1937 


It was warmed by hot air from the engine 
Tlie pilot wai totally eiicloied in an air-tight 
suit, somewhat resembling a diving-suit in 
appearance, to which a special oxygen-suppK ing 
apparatus, making U possible lor the wearer to 
remain at fifty thousand feet lor two houis, was 
fitted. 

FLYING AT FIFTY THOUSAND FEET 
Squadron-Leader Sw .tin’s record w.is bioken 
in 1937 by Colonel M I’ez/,i, of Italy, who rose 
to fifty-one thousand three hnndicd andsixly-onc 
feet, later the record was recaptured lor Britain 
by Flight-Licut M J. Adam, who touched filty- 
three thousand nine hundred and thirty -seven 
feet (10} miles) in the plane used bv Sw.iin 
Adam took off fiom the Rov.il Air Force 
Establishment at Farnboiough early in the 
morning of May 31, 1937, and returned thereto 
after having spent 2} hours in the air. The 
lowest temperature recorded bv him was 
48 9 degrees centigrade below zeio, and the 
minimum piessure measured was 77 8 milli- 
metres of mercury. 

When flying at fifty thousand feet, Adam had 
an unpleasant expeiience. He suddenly heard 
a loud report above his head and discovcied 
that the transparent cabin-roof had cracked 
owing to contraction from the extieme cold. 
The accident proved to be more alaiming than 


dangerous, and Adam brought his plane salely 
to the giound 

Man's hiwt object in taking scientific instru- 
mtnts skvw.iids was to learn more ibout the 
weather, and it is theiefore not suipiismg that 
the fiist people to make pr.ictic.al use ol the 
information garnered by presi nt-dav high- 
altilude exploiers should be meteorologists 
Our weather is “ made ” in the upper air, and 
It IS only by ascending thereto that wi ran hope 
to be able to make accurate weather forecasts 
Fi om this point ol view alone all the attempts to 
conquer the upper .nr have been justified. 

THINNESS OF THE AIR 

It IS now part ol the routine of meteorological 
offices all ovei the world to send up observation 
planes dailv to heights of between twenty 
thousand and thiitv thousand feet. A large part 
of the weathei fouc.isls that are broadcast and 
printed in newspapcis are b.vsed on information 
obtained in this way. 

More accurate weathei forecasting will be ol 
value to all, but lo none more than long- 
distance aeroplane pilots, who are still, despite 
the vast improvements recently made in 
aeroplane propulsion and design, largely depen- 
dent on the weather. 

The hope of freeing themselves from this 
dependence is one of the mam factors which 
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urges on airmen in their efforts to achieve the 
mastery of the stratosphere. Another important 
factor IS the hope that in the stratosphere it will 
be possible to travel at speeds in excess of eight 
hundred miles an hour. 

With regard to the question of weather, we 
have already noted that gales of wind are not 
unknown at a height of ten miles, but it seems 
probable that these gales, far from making 
aeroplane-flight difficult, will actually m.ike it 
easier. They appear to blow at various levels 
in different directions, so that a pilot who 
wished, for instance, to fly from Great Britain 
to Capetown via the stratosphere, would rise 
to the north-to-south gale level and then have 
the benefit of a following wind of great force. 
This is only theory, however. In practice 
conditions may prove different. 

The most obvious difficulty in the wav of 
stratosphere-flight is the extreme thinness of the 
ail. No ordinal y aeroplane could remain theie 
because its propeller-blades would be unable to 
obtain enough purchase to pull the plane and 
it would begin to fall. But designers have now 
produced what they call vanable-pitch-screw 
propellers, and it is anticipated that these will 



HIGH-ALTITUDE FLYING SUIT 
Ftight’Ueut. Adam in the suit in which he broke the 
altitude record m 1937. 


be able to obtain sufficient purchase even in the 
stratosphere. 

It is in the extreme thinness of the air that the 
stratonaut’s hopes with regard to speed lie, 
because it will offer kss resistance to the passage 
of the plane than docs the air in the troposphere 
So great is the advantage accruing in this way 
that it IS expected that a plane capable ot three 
hundred miles an hour in the troposphere would 
do SIX or seven hiindied m the stratosphere. 

DIFFICULTY OF BREATHING 

The difficulty ot bieathing at great altitudes 
has alre.ady been emphasized This can be 
overcome by providing the stiatonauts with un- 
tight cabins and oxygen apparatus But engines 
also breathe, and to ensure a suflicient supply 
of air for slratoplanr engines it will be necessaty 
to equip them with powerlul supeichaigtrs 

When will stratosphere-flight be an eveiyday 
matter'* It is impossible to give even an 
approximate answer to this question it may 
come within a lew ye.ns, or it may be delayed 
for a decade or more It has been pioved again 
and again that theories about the uppci air, 
however caielullv worked out, are apt to be 
ludely shattered bv actual expeiiment Every- 
thing so far discovired about tht sliatosjiheie 
has tome as a sui])iise to the sciiiitists, so they 
ate getting a liltle chars ol making fuithci 
piopheties Geitam it is, however, th.it many 
more experimental (lights will base to be madt 
before passengers are carried in the stiatosphett 

wm RADIO WAVES ARE REFLECTED 

There arc those who think that the strato- 
sphere veliule ol the lutuu is not the aeroplane 
but the rocket I hcv point out that the aero- 
plane's nntur.'il home is the tioposphere, wheie 
there IS air enough and to spaie, that it is 
litcidlly out of Its element in tht lompaiative 
airlessne.ss ol the stratosphcie 1 he rocket, on 
the other hand, thrive,s on lack ot air the less 
an there is the quieker it tan travel It seems 
to be beyond doubt that loi n avel at heights of 
above about twenty miles the loeket will have 
no rival. The subject of roeket-flight is fully 
discussed in another chapter 

Radio engineeis take as much interest m the 
upper air as do meteorologists and stratonauts, 
because of the existence of the Heaviside, 
Appleton and other “ layers ” which prevent 
wireless waves from dissipating themselves in 
space, and reflect them back to eaith. 

The Heaviside layer of free electricity, the 
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existence of which was first suggested by 
O. Heaviside and A E. Kennelly in 1902, does 
not remain at a constant distance from the 
earth. At night its lower edge is just above the 
stratosphere, some sixty miles away, but during 
the day it sinks earthwards into the stratosphere 
until It is only about twenty-five or thirty miles 
away. 

BROADCAST FROM BALLOONS 

Above the Heaviside is the Appleton layer, 
and beyond that again are others As yet we 
knovv little about them, but there is good reason 
to suppose that u'hen our knowledge ol' their 
composition and iunctions is somewhat greater 
w'e shall be able deliberately to use them — we 
use them already, but somewhat blindly — lor 
improving our methods ol long-distance wiieless 
commutiK ation 

'Ihe ladio engineer has plavcd an important 
pari in the gathering ol inronnalion about the 
stratosphere, tor within the last lew years 
numbeis ol balloons, unmanned but htted with 
wireless-broadeasting apparatus, have been 
sent up 

At shoit intervals, duimg the whole time 
they ate in tile an, thc^ send out signals which 
give the readings ol the insliuiiients they cany 
'I'hus, e\eii when — as olun happens in the case 
of unmanned balloons-- the instuimeiits them- 
selves are not recovered, their inlormalion is 
gle.med Much is hoped lor from this method ol 
exploialion, since it maki s it possible loi 
comprehensive leeoids to lx obt.nned fiom 
great altitudes at coinp.iiatively slight expense 
and Willi iiitle iisk to life 

MIRACLE OR MENACE’ 

At the present irioiiieiit, in laboiatoiies and 
engmeeiing woikshops in Great Britain, in 
Russia, in Fiance, in Gcniianv and in the 
Lhiited States ot Ameiica — to mention only 
the more obvious coimtnes— scientists and 
engineers aie working eiut plans and construel- 
irig machines vvlincby further to exploit the 
stratosphere and the regions beyond it The 
results will pioloundly affect the lives of all of 
us Complete masteiy of the sliatosphere may 
be a long way off, hut that it will ultimately 
be achieved we cannot doubt. 

One aspect of the subject is of immediate and 
terrible importance the stratosphere in relation 
to military matieis. The day is probably not 
very fai distant when monster planes will be 
able to fly at seven or eight hundred miles an 


hour at a height of ten miles. When that time 
comes the whole military outlook of every 
country will have to be altered No place on 
the earth’s surface will be outside the range of 
the military planes of potential enemies. 1 he 
destructive possibilities of air forces will be 
enormously increased 

When he conquers the stratosphere, Man will 
be forced to give a definite answer to the 
question “Am I to use the marvels of science 
lor self-destruction or for the creation of a 
new and better woild^ ’’ 

The problem is already seriously engaging 
the minds of those learned men who realize that 
invention, however excellent its original inten- 
tion, can usually be put to base and evil uses. 



STRATOSPHERE FLYING SLIT 
Oxygen-iupplied iuit in winch Wik\ Post attempted 
flight in Ihe stratosphcie 
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VON OREL’S ROCKET-PLANE IN FLIGHT 

Fritz von Opel was one of the earliest experimenters with rocket-propulsion. He had spoinoied mimeious 
experiments with rocket-cars before turning his attention to the prohlenu oj rocket-propelled flight 



PREPARING ROCKET-PLANE FOR FLIGHT 
Fritz von Opel (second from left), a well-known motor-car manufacturer and a member of the German Inter- 
planetarv Society, with Engineer Sanders (kneeling) installing rockets in a rocket-plane preparatory to a 
flight near Frankfurt-on-Main. The plane, constructed by Einest Hatry, weighed only eight hundred pounds. 


START or ROCKFT-hLIGHT 

4 rocket invented bv Geihaid Zucket Before sticce\s comes to the rocket-rnen it will he necessary for them 
eithei to find a fuel of gi eater power or to discover a means of nullifying gravity. 
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I T has been pomitd out m the preceding 
chapter th.it altiiough it \m 11 piobabL soon 
be possible to tiavel liy plane in the lower 
levels of the slialosphere, only the rocket cm 
)5iope! us thiougli the unless levels of the iippei 
stiatosphere ,tnd the legions lievond 

'll) most people ignor.irii of the pnneiples ol 
roi kct-piopulsion it comes as a suipiise to 
discovei that a locket-inotor (ould piopcl an 
olijci ; thiough unless space. ' Sinely,” tliey 
sav, “ It is impossible for any olgert to move 
ioiward unless it has something to push 
against^ Airless space constitutes a vacuum 
in whuh flight would be impossible” 

Stiange as tl seems, a rocket-piopclled ship 
could not only function in a vacuum, but it 
(ould luncuon better thete than if sunounded 
by an Just as the propeller-di ivt'n aeroplane 
can only function efficiently in a fimiy tiiick 
atmosphere, such as that which envelopes the 
earth to a depth of about ten miles, so the 
rocket-dnven ship will w’oik with maximum 
efficiency where the air is infinitely thin 
A rocket-motor can be likened te a cjuick- 
firing gun. Everyone knows that when a gun 
IS fired it recoils, and in the case of large guns 
this recoil-action is very marked. Were a laige 
gun, mounted on wheels, to be placed on a 


very smooth surface, such as that ol <in ice- 
covired lake, and fired rapidly, it would move 
baikvvards at a considerable speed In the 
same vi.iy a rocket, with its nose pumird sky- 
waids and nothing to hold it down, shoots 
up into the an propelled l)v a senes of 
explosions. I'hc only difference, m pnneipie, 
between the gun and the rocket is 'hat while 
the former dischaiges a pro)cctile the lattei 
disthaiges nothing bul exploded gases 

Here vve roine to the vexed question of 
lunc Honing in a vacuum When the rocket 
shoots upwaids it does not do so because the 
e.xplosions push against the air, but because 
they push against the rocket ilsell In lact, 
the pi CM nee ol air i, a hindiance because it 
tends to prevent the escape of the exploded 
gases 

This pnneipie can be easily understood if we 
remember how dynamite blasts rocks 11 a 
ch.arge of dynamite is placed on a rock, covered 
over very lightly and then fired, it will toss 
away its covering and blast the rock, thereby 
proving that explosions “ push against ” what 
offers them most resistance Were this not so, 
the dynamite, instead of blasting the rock, 
would explode harmlessly into the an. 

The fact that a rocket can function even 
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better in a vacuum than in an ordinary 
atmosphere was not recogmzed until about the 
beginning of the present century. One of the 
first to realize this, and thereby to gain a clear 
idea of the fundamental nature of rocket flight, 
was K. E. Ziolkowsky, a Russian. 

In 1903, the year in which the Wright 
Brothers achieved the first aeroplane flight, 
the Russian scientist suggested that rockets 
might be used to propel vessels through space 
His ideas were embodied in a work entitled 
The Rocket in Cosmic Space This was the first 
punted work on the subject, but it was purely 
theoretical. 

It must not be imagined that the rocket was 
then a new invention The Chinese used it as 
a means of propelling arrows one thousand 
ycare ago, and its use as a weapon of war was 
being discussed in Europe so early as the 
beginning of the filteenth century. During 
England's struggle with Napoleon iron-encased 
incendiary rockets designed by Sir William 
Congreve were used in the bombardments of 
towns. Boulogne was thus assailed in 1806, 
and wfith such good effect that the tow’n 
surrendered. Napoleon was then contemplating 
the invasion of England. 



MOON-ROCKET LAUNCHING-TOWER 
A towe' built by Projessor Robert H. Goddard for 
the launching of moon-bound rockets. 


Rockets of this, and similar type, continued 
to be manufactured by European arsenals until 
well on into the second half of the nineteenth 
century; but they proved very dangerous to 
handle, and they werrf detested by those who 
operated them. For this reason they were 
completely abandoned for military purposes as 
soon as the breech-loading gun was introduced. 
But they continued to have important civilian 
uses • lor signalling, for thi owing life-lines at 
sea, and for celebrating Guy Fawkes’ Day and 
other festivals. 

TO REACH THE MOON BY ROCKET 

The publication of K. E. Ziolkowsky’s work 
did not attract wide public attention, but it 
aroused the interest ol more than one scientist, 
and by the time the World Wai broke out thf 
subject of rocket flight through space was being 
discussed in scientific journals 

The first printed account of practic.il high- 
altitudc rocket experiments was A Method of 
Reaching Extreme Altitudes, published in 1919, 
by Dr Robert H Oodd.ud ol Cllaik University, 
Worcester, Massachusetts, USA This paper 
gave the rcsulls of a stries of cxpeiiments 
earned out by the author under the auspices 
of the l.imous Smithsoni.in Institution. I’hese 
cxpeiiments had tonvinied him that it would 
be possiblt to re.ich the moon by locket. 

In 1923 Frofissoi Heim.inn Obertli, an 
Austrian w ho was entirely ignorant ol Goddard’s 
exjieiinn nts, produred a book on intei- 
planctary ti.ivel by uxkel, and, four yeais 
later Max X'.ilier, a pupil ol Prolessor Oberlh, 
founded the (jtiman InterplaiK tary .Society. 

FIRST ROCKET FLIGHT 

This societv' lost no lime in beginning 
practical exjieriments Fritz von Opel, a w'ell- 
known German rnotor-r.ir manulacturcr, was 
approached by Ma.x V.iliei, who induced him 
to experiment with rocket projiulsion, with the 
result that, in March 1928, an cngine-lcss, 
rocket-propcIled car was driven round the racc- 
tnick at Rucsselsheim neai Frankfurt. Two 
months later von Opel attained a speed of 
more than one hundred miles an hour in a 
rocket-di iven car on the Avus Speedway, 
near Berlin. 

Shortly afterwards the first rocket flight in 
histoiy took place in Germany. A glider 
propelled by powder-rockets and piloted by 
Friedrich Sthamer flow' for nearly a mile. 

Opel continued his experiments on land. 
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ROCKET-CAR WITH LIQUID-OXYGEN MOlOR 
A locket-cai invented bv Hen Hevlandl It was fitted with a ltquid-oxyi;i n motor The fint rocket-iais 
were driven by powder-fuelled motors, but the powder proved to hove grave disadvantages 


A railway car propelled by rockets attained a 
speed ol one hnndied and loity-nme miles an 
hoLii, and in Fcbiuary 1929 a lockct-diiven 
sledge, desigru d by Ma\ V.ihti, attained two 
bundled and fifty miles an hour on ite Valiei 
sboitl> afterwards met his death when esperi- 
mtntinK vvith a locket-diivtn cai lie was the 
first man to lose his hie in the cause of 
locket-lmvel. 

ALL CONTROL LOST 

T wo laets ol gieat impoitance emerged from 
till SI e\i)( uinents fust, that the use ol powdei 
as a hifl had grave disadvantages, and, second, 
that IOC ket-piopiilsion was e.streiiielv unlikely 
to -.upersedc oidinaiy methods of propulsion 
on Lind, in the watei oi for flight in the 
tiopos])here, it was only suited loi high altitudes 
and niiei -stellar space 

It was also theoietically demonstrated that 
lor an speeds of up to two thousand miles an 
hour ordinary propcllei-diiven rralt will always 
be more efficient than locket planes The only 
practical purpose, therefoie, in developing the 
lattei IS to use them for eoveiing long distances 
at great altitudes and phenomenal speeds 
^ I he motive-power of powder-rockets is pro- 
vided by a cylinder containing compressed 
powder Once the powder IS Ignited all control 

M M — D* 


over the rocket is lost, the power can be neither 
increised nor den eased 

Licjuid-fuel, on the other hand, ran he fed 
10 the coinbusiion (iiarnber in as huge oi as 
small a quantity as may be desired, and thus 
the rocket can be kept under control 

Further, powder-fuel, being an explosive, is 
extremely dangerous m use One of the most 
successful and experienced expei imenti'i s with 
powdei-diiven rockets, R Tiling, was with three 
companions blown lo death by a sudden explo- 
sion of fuel in Ortobei 1933. 

Early in 1930 two members of the German 
Interplanetary Society set to work to produce 
a satisfactorv high-altitude liquid-fuelled rocket. 
They decided to use petrol and liquid oxygen 
in combination A mivtuie of these two fuels 
giv'es a much greater output of power than any 
solid cxplosiye known. 

BANKER PROVIDES PRIZE 

The first two experimental rockets produced 
by the German society exploded wffiile they were 
hemg tested, but the third, known as Repulsor 
Rocket No 1, proved successful. It rose to 
one hundred and fifty feet, an inconsiderable 
height, but sufficient to prove that the 
experimenters were on the right track 

In the year that the German Interplanetary 
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Society was founded, Robert Esnault-Pelterie 
addressed the French Astronomical Society on 
“ The Exploration by Rocket of the Upper Air 
and the Possibility of Interplanetary Voyages,” 
and a few years later he published an exhaustive 
study of the whole question This French 
scientist coined the name “ astronautics ” for 
the science of space-travel. 

Esnault-Pelterie enlisted the interest of a 
banker named Andr6 Hirsch, with the result 
that the REP-Hirsch Fund was staited to 
provide an annual prize of five thousand fiancs 
for the individual who had done most loi the 
science of astronautics in the preceding year 



MODEL OF STRATOSPHERE ROCKET 
Maurice Poirier, with a model of a rocket intended to 
reach the stratosphere 


In 1929 this prize was awarded for the first 
time the recipient was Professor Obcrth. 

Before the end of 1929 two societies were 
formed in Russia for the study of the problems 
of space-travel, one ^under the guidance of 
Professor Nikolas Rinin and Dr. Jakow Perl- 
inann, and the other under Ivan P. Fortikoff 
It will be remembeied that Russia produced 
the first writer on astionautics, and so early as 
1924 an unsuccessful attempt had been made 
to form an interplanetary society in Moscow. 
The Soviet scientists who are now tackling the 
problems of travel in the stratosphere and m 
space have the backing of their Government, 
which IS fully alive to the possibilities of flight 
in these regions 

FIRST LIQUID-FUEL ROCKET 

During the ten yeais immediately following 
the .appearance of his first work on space-tiavel 
Di Robert Goddard had not been idle, but he 
had studiously avoided publicity ol any soit 
In 1929 he launched the fust liriuid-fuel rocket 
that fvei took the air It exploded at a height 
of nine bundled feet Shoitly afterwards an 
Arnencaii iiiillionaire named Guggenheim, who 
h.id become inlerestid in astron.uitics, pl.iced 
/'20,000 ,it Dt Goddard's disposal, and the 
latter retiud iiom Clark Univeisity to Roswell, 
Ni w Mexico, there to devote all his encigies 
to discoveiing some means ol voyaging through 
space 

In i9'f4 it was announced that Goddard was 
expeiimenting with ‘ models designed priniaiily 
to test op< ration r.ithei than to iCrich gieat 
heights ” Hf did not think the time had y'ct 
atiived when he should give the results ol his 
experiments to the world. 

AIR MINISTRY NOT INTERESTED 

Early in 1930 ,i number of New York rocket 
enthusiasts loimed the American Interplanetary 
Society (now the Aineucaii Rocket ScKiety), 
with David Lasser as first president 1 hey 
began expenniciital work along German lines, 
and in May 1933 thty “ shot ” a rocket for the 
first time Experimental Rocket No 2, as it 
was called, attained a height of only two hundred 
and fifty feet before it exploded, but much more 
satisfactory and encouraging results have since 
been obtained 

In the same year the German society began 
to break up owing partly to financial difficulties 
and paitly to internal dissensions; but soon 
.ifterwards a new organization called the 
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Interplanetary Sexiety of Germany came mto 
being. 

The British Interplanetary Society came into 
existence in October 1933, owing almost solely 
to the enthusiasm and determination of Mr 
P E Cleator, its first president The British 
Society has had a very difficult struggle to get 
on to Its feet Although it numtiers among its 
Fellows most of the distinguished foreign rocket- 
enthusiasts and some eminent British scientists, 
the Air Ministry “ evinced not the slightest 
interest ” in it when approached by Mi 
Cleator. The Ministry refused to discuvs lockct 
experimentation, explaining that they could see 
“ no justification for spending eithei time or 
money on it.” 

PULL OF THE EARTH 

But, as Mr Cleator reminds us, this lack of 
imaginativeness is not unusual in governments 
In 1907, when the Wright Brothers offered the 
Biitish Government an aeroplane wiiicii could 
travel ior one hundied miles at forty miles an 
hour, they were coldly informed that the 
Adiniialty W'as “ of the opinion that the 
aeropl.ine vsoiild not be ol any practical use 
to the Naval Seivice” That was not very 
long bclore the Battle ol Jutland, in which 
planes demonstrated their capabilities in a 
remarkable manner. 

The first great problem that confronts the 
would-be space- traveller is that of getting his 
rocket beyond the range of the eaith's pull, oi, 
in other words, beyond the force of the earlh’s 
gi avity. 

COSTLY ROCKET-SHIP 

It has been theoretically demonstrated that if 
it were possible lo eject a shell from a gun at a 
.speed ol twenty-five thousand mites an hour 
It would be able to maintain suffvrieut velocity 
to escape the earth’s pull and shoot out into 
space, to be lost lor ever to the eaith Un- 
lortunately such a shell w’ould be useless as a 
means of transporting a passenger to another 
planet, first because the acceleration would be 
more than he could stand, and second because 
at such a speed air-rcsistance in the earth’s 
atmosphere would cause the shell to become 
white-hot. It follows that there is no hope 
whatever for the inteiplanetatian in the shell- 
principle of projection from a gun into 
space. 

1 he space-machine must leave the earth 
under its own power, and it must be capable of 



OVER SIX FEET HIGH 
Dr iimklei's rocket is propelled by liquid an and 
fired bv electricity. 


having Its speed controlled There is no known 
fuel which ( an give a sufficienl output of power 
to raise its own weight beyond the eaith's 
pull, but il is nevertheless theoreticallv Jiossiblc, 
actording to Mr Clleatoi , to design a rocket-ship 
weighing twenty tons, and with a crew offoui, 
which w'ould raise itself beyond the earth’s 
influence into space and then return to earth 
At Us launching such a ship, with its fuel and 
fuel-containers, would weigh forty thousand 
mne hundred and sixt> tons, and it would have 
cost no less than ,^20,' i00,000 

The enormous cost makes the const] uction of 
such a ship impi acticable at tlie present time, 
but perhaps the day may come when, with murh 
more jiowerful tuels at his disposal, the rocket- 
man will be able lo design an earth-escaping 
ship the fuel-load and cost of which will be 
within manageable proportions. 

So much for the first great difficulty confront- 
ing the rocket-man. His mam hope lies in the 
fact that once his rocket-ship has escaped the 
earth's pull by attaining, under its own power, 
the speed of twentv-fiv r thousand miles an hour. 
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ROCKET-PROPELLED SLEDGE 
Invented by Harry W Bull, it was the first ever built 
m the United States of America. 


it will be able to travel on and on through space 
without any propulsion whatever until it 
approaches its prc-determined destination This 
may seem incredible until we lemember that 
space IS frictionless, and that therefore there 
will be nothing to slow the rocket-ship down. 

COULD PASSENGERS SURVIVE? 

Could a human being travel at twenty-five 
thousand miles an hour and yet remain alive? 
Scientists assure us that the human body can 
stand this speed just as easily as it can stand 
twenty-five miles an hour, provided that 
acceleration is gradual To jump fiom a 
stationary position to anything approaching 
twenty -five thousand miles an hour — as would 
happen if one were shot from a gun— would 
prove fatal instantaneously , but German rocket- 
men have experimentally proved that if the 
rocket took eight minutes to accelerate from 
rest to twenty-five thousand miles an hour the 
human passenger would survive. 

Were this not so all hope of interplanetary 
travel would have to be abandoned. The 
distances between the planets are so enormous 
that to cover them it is essential that our space- 
ship should have its speedometer marked in tens 
of thousands of miles. 

SUN’S MYSTERIOUS RAYS 

It is frequently stated in pnnt that it would 
be impossible for a space-ship to survive a 
journey through the regions immediately above 
the stratosphere because, so it is alleged, in these 
regions there is a layer of electric heat in wh,ch 
the vessel would be burnt up. There is no doubt 
that there are various layers above the strato- 
sphere. But no one has yet been able to give 


any reason why it should be supposed that these 
layers would destroy any vessel attempting to 
pass through them. 

“ But,” says the objector, “ what about the 
tempeiaturc of space, 'of the regions beyond the 
layers that encircle the earth’ There the space- 
ship will be exposed to the full heat of the sun, 
and its occupants will be roasted ! ” 

It is true that in all probability the side of 
the space-ship that is turned towards the sun 
will be subjected to intense heat and, rnoreovei, 
that the other side will be subjected to intense 
cold; but there are various devices by which it 
would be possible to maintain a moderate 
temperature within the ship 

The ship could be constiueted with double 
walls, between which a vatuum could be 



SPEEDING OVER THE ICE 
Bull's ro( kcl-sledgc speeding over the tee It tiavelled 
at one hundi ed and ten miles an hour. 


created, on the jninciple of the thermos flask. 
This would jjrcvenl the penetration to the inner 
shell tithci ol exlierne heat oi evticme cold 

The sun not only emits he.it but disch.irges 
mysterious rays which many jieople suppose 
would piove fatal to space-trav ellers, who would 
be uujirotecled by the layeis that surround tht 
earth It must be admitted that this supposition 
may be correc t, but it is only a supposition, and 
(an neithei be proved nor disproved except by 
actual exjjerimenl 

It IS woith remembering in this connection, 
that the stratosphere explorers whose exploits 
are described in the preceding chapter were not 
killed by these rays, despite that before their 
ascents it was by many confidently predicted 
that they would be Pessimistic conjectures will 
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never be sufficient to prevent courageous men 
from venturing out into the unknown. 

The people who today say that interplanetary 
flignts should never be attempted because they 
are doomed to failure are the spiritual descend- 
ants of the cheerful gentlemen who told 
Columbus that it he persisted in his lunatic 
proposals his ship would drop over the edge 
of tile world to perdition The scientific 
Jeiemiahs of today have frequently no firmer 
grounds for their pessimistic piophecies than 
had the long-faced friends of America’s 
discover ei for theirs. 

BOMBARDED BY METEORS 

Our globe is continually being bombarded by 
meteors, lew ol which ever reach the earth. 
The majority lail to do so because they 
disiutcgialc in then passage through our 
.ilrnosphen But there are always many 

thousands of meteors hurtling through the area 
ol space that separates us liotn the nearest 
planets If a space-ship were struck hy a small 
oni a hole would he bored clean tluough the 
vessel, and were it to collide with a lai'ge one 
tin vessil would be wicckid 

At first sight the d.uiger lioni meteors seems 
so gieat as to make the lutthei discussion of 
space-travel luttle, but iiitei stellar space is 
infinite and sctciinsts h.ive c.dnilalid that the 
odds against a sp.tci-slnp being struck by a 
meteor on its wav to a neighbouring pkinet 
ate about a million to one. 

NO SENSE OF W EIGHT 

Tire sensations eNjrci lenc ed bv a spacc- 
tracelUi will lx \<i\ dilfiient liom those 
c\[)ei Kilted bv .'inv tcnestn.il vov.igei. While 
till sij.ict-sliiji IS in pioeiss ot .ic< el< i ating lioin 
test to twin!) -live thousand miles .m houi the 
[r.issi nger will have an unilU'as.iiit Icelnig that 
his weight IS very much gieatei th.m it uoimally 
IS but as soon as the v'cssd escapes horn the 
(ai ill's jiull and glides cflortlesslv and at am.i/ing 
speed through nothingness, the passenger will 
lose all sense of weight '1 his latter is not to be 
m.uvellecl at since, in sober fact, the passenger 
will have no weight 

We are accustomed to think of weight as a 
constant, oi unvarying, factoi this is not so. 
Height IS a Cjuahty of a mass of matter which 
only exists so long as the mass is within the 
range ol the gravity ol one of the heavenly 
bodies As soon as a ma.ss gels out of a body’s 
atmosphere it ceases to have any weight, unless 



MINIMURE ROCKET-MOTOR 
Expertmciils wnh this appamtus we>e earned out hy 
the C ahjornia Institute of Technology 


and until it tomes within the spheie oi influence 
of anothci heavenlv body 

In ttus connection it is interesting to note 
that the pow < i s of gravitv of the vui lous heavenly 
bodies vMF) considerably, or m otlier words, that 
tfie weight ol any given mass will be differem on 
all the dilfcicnt heavenly bodies A m<iss 
weighing twelve pounds on our earth would 
weigh two pounds on the moon and ten pounds 
on Venus 

These figuics are of moic than academic 
interest to the lockel-man, they mean that a 
rocket could escape horn the moon with the 
expenditure ol only nnc-sixth of the power 
necessary' to enable it to escape from our caith 

To icturn to the question of the rocket- 
passcngei’s weightlessness in sjiace If he were 
to step out of the rocket-ship as il was gliding 
along unpropelled thiough nothingness, he 
would not drop downwards, noi would he be 
left behind by the rocket-ship In space there 
would be neithet “downwards” nor “up- 
wards,” foi these words would lose their 
meaning once the earth’s atmosphere had been 
escaped. 

Since there would be nothing in space to 



no 
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impede his progress, he would continue to 
travel at the same speed as he had been 
travelling when he stepped out of the rocket- 
ship — and in the same direction. Thus, without 
any effort on his part — or even despite any 
effort on his part — he would glide ghost-like 
through space alongside the rocket ' 

The sense of weightlessness would be bound 
to have disturbing mental effects on the 
passenger, but there is no evidence to suggest 
that the experience of weighing nothing would 
have an injurious effect on his body 
We now see that it is theoretically possible 
not only to launch a rocket-ship on a )ourney 
through space, but ako to ensure that p.is- 
sengers would not lose their lives, or even 
experience much physical discomfort, in their 
passage through the eartii’s atmosphere and 
the lather too wide-open spaces beyond. 

The next question that arises is how is the 
navigator ol the space-ship to find his way 
through nothingness to whatever planet he has 
decided to invade'^ There is no need to stress 
the importance of this question, for if the space- 
ship were to miss its objective only a mnaclc 
— and a v ei y unlikely one— could save its 
occupants from death. 



AMERICAN ROCKET-GLIDER 
Using twelve roikets, H' J. Swan's glider remained 
in the air Jor eight minutes. 

The ship might go on for all eternity gliding 
through space It might, after its occupants 
were dead and all its fuel exhausted, be drawn 
into the orbit of one of the heavenly botiies, 
to become its satellite and go on for ever 
revolving round it, as the moon revolves round 
our earth It might be drawn towards the sun 
and burnt up, or crash into one of the planets 
and be smashed to smithereens. 

When these possibilities are considered it 
becomes obvious that only persons bent on 


suicide would venture into space without 
having plotted a very careful and exact course. 
This manner of committing suicide would have 
the benefit of being unusual, but the drawback 
of being too expensive* for all except the very 
wealthy. 

Although the science of tistrogation, as 
navigation m space is called, is as yet entirely 
theoretical, it is claimed that it is sufficiently 
advanced to enable the space-navigator to 
chart a perfectly accurate course. 

EASIEST PLANET TO REACH 

This need cause no surprise, since our know- 
ledge of the movements of the bodies of the solar 
system is exact, and the task of determining 
when a rocket-ship, travelling at a known speed, 
would have to leave the earth so as to land on 
another planet at a certain point in sjiace, 
presents no insuperable difficulties to astiono- 
mers, although it neressarilv involves mathe- 
matical calculations guaranteed to send a 
layman crazy 

Ol all the heavenly bodies the moon would 
be the easiest to reach from the eaith, not only 
on account ol its compaiativc neatness, but also 
because the speed with which it liav'els lound 
the sun— Its orbit.il speed — is the same' as the 
eat ill's This l.ict will immensely simplily tlie 
asliog.itional [iiobleins ol the |ourney 

The Intel pi, anelai v traveller will not lie able 
to set out on a lournc y anv das hr feels like it 
Me will have to wait, peihajis, lor inanv nioiuhs, 
until die pl.iriet he desnes to reach is in i 
favourable position from llie .istiogational point 
ol S'lew 

FIRST STOP MARS 

Let us suppose Mars is the destination aimed 
at Mars and tlie earth fioth travel round the 
sun, though at diflerent speeds When they ate 
in line with tlie sun, with the sun between them, 
they mav tie two liiindrcd and thirty-five 
million mik*s apart, hut when the earth is 
Ix’tween the sun and Mars, they may be only 
fifty million miles from each other. It is 
obvious, thi-ielorr, that the astrogator should 
lay such a course as would enable the rocket- 
ship to “ make ” Mars while the earth is 
between it and the sun. 

But as It will take the rocket-ship probably 
about one hundred days to cover the fifty 
million miles, it will have to leave the earth 
long before Mars has attained the desired 
position. This happens every 22 J montlis, so 




ONE OF GERHARD ZUCKER'S GIANT ROCKETS 
The German engineer, Gerhani Zmker (right) ^landing beside one uf hn c \pei imenlal lockels II wai 
designed Jur diopping mad at bombs, in sstth the aid of a cameia for /dining uiiexpioied land 


unless the spacc-voya£;ri s cr^ntented themscHes 
with a very shoit s<))ouni on th< jilatK t th(\ 
wottid have to wait about two v<a!' bcloie iliev 
could start on the letmu jouine^ 

I’o make a successful landing on anothtr 
planet a space-ship iriiist legulate its speed 
so that It will ultimately cujnttdc with the 
oibiial speed of the jilanet To land on M.trs a 
space-ship would have to attain a spei'd of 
tilts lour thousand miles an houi m lel.ition 
to the sun, to land on \ eiius, sevents -eight 
tluius'ind one hundicd and twenty miles 
an hour 

In order to make a surcesslul interplanetary' 
tup It will lie necessarv loi the astrogator to be 
able to keep a iccord of the passage of time. A 
diftu ulty arises here, since it is not safe to 
presume that any Icirestrial clock would 
(oniinue to function accurately in space; but 
It IS quite possible, even likely, that wireless 
ccimtnunicatioii could be maintained ’tw'ixt the 
earth and the space-ship, in which case time- 
signals could be transmitted to the latter. 

Provided that the theories of the astrogators 
are accurate and will stand the test when the 


time comes, how will it be possible for a 
span -ship to effect a landing on another planet ^ 
1 h< dangri is that once the ship gets within 
the range of gravitation of the planet it will 
huitlc niadlv to dcsimcuon on iht*»;i,ifdce of 
the planet A means must therefore be found 
o( slowing down the ship’s speed, so that it will 
touch the suifarc scry grntlv 

Some ol the planets, int hiding the earth 
and Venus, arc sunounded by atmospheres so 
dense that it would be possible to reduce the 
speed of a ship approaching them simplv by 
putting out a number of parachutes, but other 
planets, of which Mais is one, have atmospheres 
so rarelicd that parachutes would be incapable 
of e.\crtmg a slowing down influence on a ship 
approaching them 

In these latter cases it will be necessary for 
the ship to reverse and use its rocket-motors 
against the direction of the planet’s pull But 
using motors for landing entails the burning of 
extra fuel, the storage of which necessitates the 
construction of a much larger ship than would 
be necessary where parachutes could be used 
Further supplies of fuel will be needed to lift 
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the ship out of the planet’s power when the 
time to depart arrives. 

It is the fuel difficulty that reduces today’s 
rocket enthusiasts to practical impotence. The 
plain fact is that the fuels known are many 
times too weak for their bulk than the fuel 
which the interplanetarian needs. 

It is necessary to emphasize the fact that an 
ultra-powerful fuel is needed, not for travelling 
through space, but for getting into space It 
some means could be discovered of nullifying 
the law of gravity in respect of the space-ship 
all would be well Released from the power of 
this law the space-ship — like any other body on 
the earth’s surface likewise released — ^would 
shoot off effortlessly into space, due to the 
earth’s rotation on its axis. 

Is there any hope that it will ever be possible 
to do this? Yes it seems likely that before 
many years have passed the scientists will have 
learnt enough about electrical energy so to 
“ electrify ” a space-ship that it will, in effect, 



ROCKET WARNING TO AIRCRAFT 
German frontier-guard holding a rocket-signal device 
to warn off foreign military planes. 


be released from the obligation to obey the 
law of gravity. The same mechanism which 
enabled the ship to defy the earth’s gravitation 
will enable it to rise effortlessly from the surface 
of another planet. ^ 

If no more pwwcrful fuel than we at present 
possess is forthcoming, and if it is found 
impossible to nullify gravity as suggested above, 
it might be found possible to establish a 
refuelling station in space some hundreds of 
miles above the earth’s surface. This idea 
seems utterly fantastic, but it has been seriously 
discussed by scientists, to whom it does not 
appear impossible of realization. 

REFUELLING ON THE MOON 
One ofthe most distinguished of the refuelling 
station experts is Guido von Pirquet, who 
estimates that the cost of establishment would 
not exceed ^'2,000,000 The station would be 
about six hundred miles above the earth’s 
surface and would travel in the plane of the 
earth’s orbit at a speed of about 41 miles a 
second. 

A refuelling station might also be established 
on the surface of the moon A space-ship bound 
for a distant planet could call at the moon, 
refuel and then proceed on its )ouiney It 
could escape liom the moon with the expenditure 
of only onc-si\th of tin eneigv necessaiy to 
enable it to escape lioni the earth 

Will the rocket men find life comparable to 
that of the earth on the moon or any ol the 
planets ’ 

ONE SIDE ALWAYS DARK 

Let us considei the case of the moon fust, 
since It will probably be the first to be invaded 
by man. The moon docs not revolve on its axis 
and thciefore it always piesents the same aspect 
to the sun, w'lth the consequence th.il while one 
side ol It IS perpetually daik and cold, the othei 
IS bathed in light and heal 

Recent observations made at Mount Wilson 
Observatory show that while the moon’s blight 
side has a temperature of two bundled and 
sixteen degiees Fahrenheit above zero, its dark 
side IS two hundred and forty-three degrees 
Fahrenheit below zero Life as we know it 
could not exist under cither of these extremes, 
and man could not remain on the moon’s 
surface foi any length of time without suffering 
extreme discomfort. It might, however, be 
possible to explore part of the moon’s surface 
in specially constructed suits. 
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riRINC. LIFE-SAVTNG ROCKET 

Life-saving practice, mill rocket cippciialiis. bv the Pott muck Life Saving Companv at Islandmagee, Co Antrim 
A locket carry mg a Itjeliiie has just beat Jiied Rockets liaie been thus used Jor centuries 


The moon’s suiface is thought to consist ol 
vois.uiic ash, which has an cxtif-rnclv loss licat- 
condutting capanty, and it might he possible to 
construct an undergiound depot a short distance 
hem ath the siirhue huch a depot would serve 
Itoth as a leluelling station foi interplanctaiiaus 
and as an asti onoiincal observatorv 

Present knowledge indicates that there is no 
possibility cithei ol finding life on Mercury or 
ol establishing a base theie It is closei to the 
sun than any other planet and cn)oys tein- 
pci.ituies as high as seven hundred degrees 
Fahienheit Moieovcr, it has practically no 
atmosphere. 

Jupiter, Saturn, Uranus, Neptune and Pluto 
aic all so far fiorn the sun, in comparison with 
the othci planets, that their surface temperatures 
aie probably over two bundled degrees Fahien- 
hcit below zero, There is little likelihood that 
any one of them is capable ol supporting life 
as we know it. 

We are left, therefore, with Venus and Mars. 
In size and mass Venus is very similar to our 


earth It is enveloped in layers of clouds so 
thick that It has not yet bien possible to 
determine whether it levoKes on its own axis 
The probability is that it does, in which case 
it m.iy have surface temperatures of between 
twenty degrees .and fifty degrees Fahrenheit 
above zero — closely akin, in fact, to those of 
our tempciate zones 

It IS possible, too, that the atmosphere of 
Venus IS sufficiently like that of the earth to 
enable human beings to breathe without 
artificial aids on its surface. 

Of the nature of its suiface and of the kind of 
life — if any — to be found there we know nothing 
with certainty, but it has lieen suggested that 
these are of the same order as were those of 
earth about ten million years ago Venus may 
be an infant world. 

Mars, on the other hand, is probably a dying 
world which is gradually losing its atmosphere 
and its watei II life exists there, as is possible. 
It does so under conditions which arc difficult 
now and tend to become more so. 
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Mars has an atmosphere a good deal thinner 
than that of the earth, but which contains 
oxygen, and might therefore support human life. 
Its temperature appears to vary between 
seventy degrees Fahrenheit above zero and 
forty degrees Fahrenheit below zero. The 
higher temperature would suit man admirably, 
while the lower is not lower than at many 
places on the earth’s surface 

SENDING LETTERS BY ROCKET 
Several decades ago great excitement was 
caused by the announcement that canals had 
been otiserved on Mars The inference was 
that the planet was inhabited by intelligent 
beings The very existence of these “ canals ” 
IS now denied by some astronomers, but of 
those who maintain their existence only a 
proportion think that they were constructed by 
beings of the same order as ourselves 

Long before the rocket - men succeed in 
establishing communication between the earth 
and anothei planet they will have had to prove 
the worth of their machines by using them in 
less spectacular ways within the limits of the 
earth’s atmosphere. 

In 1931 Friedrich Schmiedl established a 
rocket postal service between two towns near 
Graz, in Austna The two towns are only a 
few miles apart, but communication between 


them is rendered difficult by mountainous 
country so that the new postal service proved 
very useful. Shortly afterwards Gerhard Zuckcr 
established a similar service over the Harz 
Mountains in Germany. 

Neither of these services can be said to have 
been of revolutionary importance, but they 
afford a clue as to the direction in which the 
rcxrkct will first be able to prove its usefulness 
The time may not be far off when unmanned 
rcx-ket-ships will carry mail from Europe to 
America and from America to Asia in a fraction 
of the time taken by a plane — ^say an hour 

SHOT FROM EUROPE TO AMERICA 

Such ships will probably be launched at an 
angle of about sixty degrees, and they will shoot 
upwards to a point scores of miles above the 
earth and about half way between the two 
continents, before they begin to plane swiftly, 
but with gradually deci casing speed, to their 
destination They will probably land on water 
like flying-boats 

There is little doubt that much greater 
progress has been made in the development of 
rocket-flight than we are able to record in these 
pages, but the greater part of the woik that is 
being done is earned out under the auspices of 
w'ai ollires These, for obvious reasons, keep 
their information secret 



FAILED TO DELIVER THE MAIL 

A rocket-glider fuelled with liquid oxygen and hydrogen taking off from Greenwood Lake, New York, in 1936. 
It crashed after having flown an inconsiderable distance with a load of six thousand letters. 



PREPARING FOR A LONG RUN 

The iiiajoitly of express passenger engines in Great Britain lta\e six coupled driving-wheels with a fom-whceled 
leading bogie. This class of locomotive is also used for fast goods servite 


SPEEDING UP THE RAILWAYS 


I T IS nearly hall-past one on the afternoon 
of Monday, July 5, 1937, and Platfoim 
1 hirteen at Euston Station, the main London 
tei minus ol the l^mdon. Midland and Scottish 
Railway, is piesenting a scene of unusual 
ainniation. 

Ou tlie rails is drawn up a beautiful new blue 
and silvir tram From end to end the platfoim 
IS filled to overflowing with people, all wearing 
a gaily expectant air. Among them move, or 
stand chatting in smiling groups, highly placed 
railw'ay officials, who have donned festive top 
liats as in honour of some important occasion 
Beyond the platlorm a small army of Press 
photogiaphers is assembling along the perma- 
nent way 

Suddenly the wearer of one of the top hats — 
a grey one — grows alarmed for the safety of the 
photographers. He pushes his way hurriedly 


through the crowd, and shouts anxiously to 
them, “ You aie loo near the rails ' ” 

“ That’s t) K , duel ' ” floats back the 
nonchalant replv “ We shan’t be when the 
train comes ” 

“ Have It your own way,” retorts top hat 
good-humouredly ‘ You know youi job, 
I suppose — but I know the widiii of the 
tram ' ” 

The photographers stayed where they were 
— nothing ever moves a Press photographer 
once he has taken up what he considers a good 
position A few moments later they were 
reaping the reward of their temerity in magni- 
ficent close-up snaps of the new L M S high- 
speed streamlined luxury express Coronation 
Scot as It drew out of Euston on its initial run to 
Glasgow, 4011 miles distant 

Both crowd and photographers paid most 


Its 
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attention to the engine, the sleek and massive 
Coronation. And no wondei, for this blue and 
silver giant — or ought not one to say giantess of 
a locomotive? — had already made railway 
history. 

On the previous Tuesday, during a trial run 
between Euston and Crewe, and while hauling 
a two bundled and seventy ton eight-coach 
tram. Coronation had worked up to a speed of 
one hundred and fourteen miles an hour, the 
highest ever reached in the British Isles by a 
railway locomotive 

RECORD-BREAKING TRUE RUN 

For ten miles between Sufford and Crewe 
her driver, Mr Tom Clark, a veteran of nearly 
half a century’s service with the LMS and 
Its predecessors, held her to an average speed 
of one hundred miles an hour On her return 
journey Coronation covered the 72 3 miles 
between Welton, in Northarits, and Kilbutn, 
in North London, at an average speed oi 
eighty-nine miles an houi , and did the complete 
run from Crewe to Euston, one hundred and 
filt\ -eight miles, in one hour fifty-nine minutes, 
which works out at a small traction under eighty 
miles an hour Tlus was a world’s record for 
sustained speed 

A fortnight after this epoch-making event. 
Driver Clai k was detailed to take charge of the 
Royal tram on a jouinev from Edinburgh to 
Euston On the arrital of the tram at Euston, 
Sir Josiah Stamji, President of the L M S 


Railway, came to the footplate and called : 
“ Come on, Tom, the King has something for 
you ” 

Still wearing the overalls in which he had 
driven the train, Mr., Clark went along to the 
King’s coach, and there received from King 
George VI the O.B E. awarded him in the 
Coionation Honours List, together with royal 
congratulations on his record-breaking trial 
run. 

Coronation, designed by Mr. W. A Stanier, 
chief mechanical engineer of the L.M..S. 
Railway, and built at Crewe in 1937, was the 
first streamlined locomotive to be put into 
service by the company Standing thirteen feet 
two inches high, with an overall length of 
73 feel 71 inches, and a weight ol one hundred 
and sixty-four tons nine huiidiedw eights, she 
represented also the largest and heaviest type 
of engine yet placed on this line 

“ CORONATION'S ” SISTERS 

She was one of a team ol five, all of exactly 
the same design, built specially for the iirw 
service between London and Glasgow inau- 
gurated on July 5, 1937 These LMS 

" quins ” weic numbered b22() in (5224, and the 
names given to Coumalion \ sisteis were Queen 
ElKobeih, Qjieen .Mary, Prtnceu .Hue and Princess 
.Alesandia 

What inaxirnuiri speed these massive loco- 
motives aie Cdpaljle ol has given rise to much 
speculation .Alter the tiial lun, Dnvci Claik 



FAMOUS LOCOMOTIVES OF FIVE REIGNS 
(Left to nght) The Lion, built in 1837, the year of Victoria's accession, the original Coronation, commemorating 
the coronation of King George V and Queen Mary tn 1911, and the latest (Coronation. 


CORONATION TRAVELLING AT SPEED 

Designed by Mi W A Staiuei, and built at Crewe in 1937, Coronation was the fin! streamlined locomotive 
oj the Umdon, Midland and Sioltish Railway She stands met ihiileen feel high 

said of Conmatinn • “ She could ha\e i^one lhat not a drop was spilled — aa amazing 
faster I kijit her in In six months’ time she tiihute to the stability of British trains at high 
should do one hundred and twenty -five miles speed 

per hour.” Reeoid hi caking on the railway is rather Uxi 

expensive a hobby to be indulged m frequently 
STABILITY AT SPEED Costs foi fuel and oil go up alarmingly, whilt 

Actually, this speed was not achieved on a the life of wheels and working parts is corres- 
British railwas until Sunday, July 3, 1938, pondinglv shortened And wathout the most 
when the L N K R. streamlined locomotive elaliorate precautions theie is always an element 
Mallard, diivcn by Diiver J Duddinglon and of danger Ovci one hundred curvfs had to 
Fireman T H Btay, of Doncastei, and hauling be rc-ahgned before the L M S track was 
a seven-coach tram, maintained one hundred considered perfcetly sale for the Coronation Scot 
and twenty-five miles per hour for three 

hunched and six yards near Little Bytham HINDRANCES TO PUNCTUALITY 

Station in Lincolnshire The occasion was a Coronation and her sister engines could easily 
test run between Grantham and Peterborough, make the 401 J miles between London and 
Before attaining its maximum speed the train Glasgow in less than the six and a half hours 
travelled at one hundred and twentv miles per allowed by schedule So can less powerful 
hour for three miles While the record was Jocomotives This was proved in November, 
being made, tea was being served on the tram, 1936, when the Princess Elizabeth, an ordinary 
and so slight were the vibration and swaying “ Pacific ” type express locomotive, hauled a 
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special train from Glasgow to London in 
5 hours 44^ minutes, returning an average speed 
of almost exactly seventy miles an hour. 

But the business of the British ciack expresses 
is to keep to schedule under all conditions, and 
so maintain the reputation for reliability which 
the British railways have been steadily building 
up over a period of more than a century 



IN THE ROLLING MILLS 
A “ shiiigler” one who practices the art of hammering 
white-hot iron, at Swindon railway works. 


To keep to schedule on ordinary runs means 
leaving a considerable margin to make up for 
signal checks, fog, head winds, rain or other 
hindrances to punctuality. In this respect the 
Briush railways are eiccelled by none, and that 
in spite of a tremendous all-round speed-up 
duiing the past few years. The Coronation Scot 
service knocked one hour and ten minutes off 
the time pievioiisly taken on the west coast 
route between London and Glasgow, and this 
acceleration is only one of many. 

RAPID TRAVEL IN LUXURY 

The booking of six and a half hours for 
40 IJ miles demands an average speed through- 
out ol 61 7 miles an hour From Euston to 
CaiJisIe, where the Coronation Scot ma.\.ts her 
only stop, the average speed is 63 4 miles an 
hour for the 299.1 miles This run was one of 
the many records set up by this train, for it was 
the longest in the world booked at over sixty 
miles an hour 

Quite as remarkable a.s the speed of the 
Coronation Scot is the luxurious way in which it 
has been designed, furnished and equipped 

The nine coaches of which the tram is made 
up consist ol lour vestibule dining cars, two 
kitchen coaches and three corndor coaches 
Eveiy scat is numbered and reserved, there is 
no chance ol “ gate crashing ” on this train ' 
It has accommodation lor eighty-two first-class 
and one hundred and fifty third-class passen- 
gers, everv one ol whom travels in luxurious 
comfort 

AIR-CONDITIONED THROUGHOUT 

Carpets on the floors, curtains to the windows, 
tubulai strip lights in the ceilings and individual 
candle lamps alxivc the passengers’ heads — 
these arc but a few of the modern amenities 
in this superbly furnished tram 

Choice timbering and restful upholstery 
enhance the beauty of compartments and 
coaches, while chrornium-plated fittings give an 
air of smart efficiency. Needless to say, the train 
IS air-conditioned throughout, lor today that is 
regarded as an important essential of modern 
luxury travel 

Vibration and noise have been reduced to a 
minimum, at the highest .speeds the tram travels 
so smoothly that it seems to be moving on air 
rather than on steel rails. It would be no 
exaggeration to say that it is worth while going 
to Glasgow merely for the sake of the ride. 

On the same day that the Coionation Scot 



'•DOMINION’’ TYPE OF STREAMLINED LOCOMOTIVES 
The Dominion of New Zealand and the Empire of India, " Dominion ” type engines which the London and 
North Eastern Railway put into service in 1937 They are capable of one hundred and twenty miles pei houi 


was pul into service, another brand new blue 
and silvei streamlined express drew out of a 
London terminus on its inauguial luii to .Scot- 
land This was the London and Noith Lastein 
Railw'ay’s Coronation, which left King’s Cross 
at 4 p in en route for Edinburgh 

Like the Cnronalion Scot, this new tiain had 
been put through hei paces a fesv days pre- 
viously on a trial luii between King’s Cioss and 
Grantham 

“ We aren’t going to try for any records,” 
said a high official of the L N E R on this 
occasion ” We are )ust going to show you how 
nicely the train runs Our schedule on this 
trial doesn’t allow lor any records ” 

HAULED A HEAVIER TRAIN 
Nevertheless, a speed of one hundied and ten 
miles an hour was reached “ with ease,” 
according to one account, a full mile was covered 
at one hundred and nine miles an hour and a 
steady one hundred was maintained over an 
eight-niile stretch. The return journey ol one 


hundred .ind five miles was completed m 
minutes, giving a start to stop average 
speed ol 73 fi miles an houi \nd it should be 
mt ntioncd — though in no spiiit of invidious 
comparison — that the train hauled on this run 
was filtv tons heavier than the one hauled by 
Coronation on the L M S timl trip 

“ BEAVER-TAIL ” OBSERVATION CAR 
Five locomotives were designed and built to 
maintain this London-Ldinburgh service They 
were No 4489 Dominion of Canada, which hauled 
the tram on its trial run, No. 4491 Commonwealth 
oj Australia, No 4492 Dominion oj Jfew Zealand, 
No 4488 Union of South Africa, and No 4490 
Empire of India They are slightly heavier but 
not quite so long as the L.M S engines, being 
one hundred and sixty-seven tons weight m 
working order with an overall length of 
71 Icel § inch 

One very interesting and unique leature of 
the tram is the “ beavci tail ” observation car 
fitted at the rear end. Containing lourteen 
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aim-chair seats, and for the use of either first 
or third-class passengers, this car has a roof 
which slopes downwards to the rear at an 
angle almost exactly the same way as that of 
the front of the engine. 

This design was the direct result of wind- 
tunnel experiments which proved that this 
particular streamlining effect gave increased 
speed by reducing air resistance. 

Coronation is every whit as luxurious as the 
Coronation Scot merely to look into its interior 
IS to be seized with an overwhelming desire to 
travel in it One of the most attractive features 
is the system of alcoves into which the coaches 
are divided. 

These alcoves are protected by ornamental 
screens, giving each group of passengers entire 


privacy — a privilege always welcome to the 
Britisher, who loves to shut himself off from his 
fellow creatures and travel in magnificent 
isolation 

In the first-class coaches each alcove seats two 
people, for whom swivel chairs aie piovided so 
that if they desire they can look out of the 
window all the time In the third-class coaches 
the alcoves seat twelve 

Altogether, the train has accommodation for 
forty-eight first-class and one hundred and 
sixty-eight third-class passengers, all seats being 
numbered and reserved No pa.ssenger will 
ever surely complain of stuffiness, for the 
an -conditioning equipment changes the air 
completely m every eompaitmcnt once every 
three minutes 



FIRST LONDON, MIDLAND AND SCOTTISH CORONATION LOCOMOTIVE 
It was withdrawn from operation m 1936, after twenty-five years' service, to give place to one of the “Princess 
Royal ’’ class engines, the most powerjul passenger type on the system. 
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BUILT IN THE YEAR OF QUEEN VICTORIA’S ACCESSION 
locomotive Lion, built in the year 1837, was removed from its shed in June, 1937, and taken for a run between 
k-tandudno and Colwyn Bay, Wales. Alongside it ran the old London and North Wesh i n Railway' s Coronation, 
built in 1911, and the giant streamlined locomotive Coronation. 
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FLYING SCOTSMAN OF THE YEAR 1899 

The famous iiain passing Potters Bar in 1899 ]t is being drawn bv two of the famous “ Stirling Eight-footers," 

so called because of their single eight-foot driving wheels 


On her regular service Coronation was scheduled 
to cover the 392] miles between London and 
Edinburgh, in either direction, in exactly six 
hours, including one stop This schedule 
demanded that the down tiain should cover the 
Ui8 2-mile run from King's Cross to York at 
an average speed of 71 9 miles an hour This 
made Coronation the fastest tram m Britain 

SECREFS OF HISTORY 
Actually, the first north-bound tram, hauled 
by the Dominion of Canada, reached hdinhurgh 
one minute ahead ol time and thus lowered by 
twent) minutes a speed record which had stood 
for lorty-two vears Thereby hangs a tale 
Now that the day has arrived when speeds 
of eighty, ninety and even one hundred miles 
an hour are being regularly attained over short 
distances by crack British fliers, we are perhaps 
apt to imagine that these terrific bursts of speed 
are something quite new, something unpre- 
cedented in railway history 

That would be a mistaken impression . 
British locomotives have always been capable of 
hauling trains at tar higher speeds than their 
schedules demanded Every now and then this 
fact has been revealed, though not always 
officially. If ever the full secret history of 
nineteenth-century railway travel in Great 


Britain came to be told, it would disclose some 
startling figures Concerning speeds achieved 
One or two hints ol this may be recalled 

There is, ior example, the tiadition ol the 
Great Western Railwav that in 1842 — only 
seventeen years after the first public railway 
was opened in Great Britain — the eighteen 
miles lietwccn London and Slough were covered 
in fifteen minutes 

That means an average start to stop speed 
of seventy-two miles an houi, which sounds 
incredible when we recall how relatively slow 
acceleration must have been in those early days, 
and the prodigious distance it took to bring 
a train travelling at high speed to a standstill 
before the introduction of the vacuum brake 

ROYAL TRAVELLER DID NOT KNOW 

Whatever the truth of that story or of another 
Great Western tradition that Queen Victoria 
was once, all ignorant ol the fact, borne along 
in a train at one hundred miles an hour, it is 
definitely on record that in 1848 the fifty-three 
miles lietwcen Paddington and Didcot were 
covered m forty-seven minutes. Tins works 
out at a decimal point under sixty-eight miles 
an hour, an average speed which must certainly 
have involved bursts at eighty to ninety miles 
an hour, possibly more. 
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THIS IS THE LATEST FLYING SCOr:^MAN 
In the summer of 1928 the Flying Scotsman mmle railway history, fot it was scheduled to run non-stop between 
King's Cross and Edinburgh, the longest non-stop iiin m the world 


In the same year Gieat Western trams were 
legularly runnm;; between London and Swindon 
at 54 35 miles an hour mcludinfi; slops, or 
excluding slops at 01 G miles an hour. 

FEAT THAT CAUSED ALARM 

Toconie down to more icccnldays, on July 14, 

1903, a Roval train conveying the Prince and 
Princess of Wales (later King George V and 
Oueen Maiy) did the 192^ miles from Padding- 
ton to Exeter at an average speed of G7 3 miles 
an hour and the entire run of two hundred and 
loity-six miles from Paddington to Plymouth 
at an aveiage of 63 4 — a feat of sustained speed 
which caused no little alarm to a great many 
honest lolk 

I'he engine which did this histone run was 
the G W R No 3433 City of Bath In May, 

1904, a sistei engine, the City of Truro, while 
hauling an Ocean Mails Special train from 
Plymouth to Bristol reached, near Wellington 
in Somerset, a recorded speed ol 102.3 miles 
an hour. 

Though not so speedy, the second half of this 
jouiney — ^from Bristol to Paddington — was pier- 
haps even more remarkable. The run of one 
hundred and eighteen miles thirty-three chains 


was done in nmtiv-nine minutes forty-six 
seconds, the last thiitv-six miles from Re.iding 
to London being covered at the amazing 
avetagf speed ol 79 1 7 miles by oneol ihe famous 
old seven feet eight-inch “ smgle-wheclers ” of 
the “ .Achilles ” class. No 3065 Duke rf Cnn- 
naunht This magnificent old locomotive arrived 
at Paddington “ peifeclly cool iii every bearing, 
tight in every tube and joint, cntiiely fit for an 
immediate run back to Biistol had this been 
desired ” And oiiK two hours t'lapsed before 
the Duke of ( otweiuuhl was actually hauling an 
express tram out of Paddington towards 
Bristol. 

RACING TO ABERDEEN 

The forty-two-vcar-old record lowered by 
Coronation in 1937 was achieved under con- 
siderably more exciting if less official circum- 
stances during one of the most thrilling episodes 
in British railwav history, the famous “ Race 
to Aberdeen ” of 1895 

For many yeais pieviou'ly there had been the 
keenest rivalry between the railway companies 
which linked London with Edinburgh, the 
London and North W'estern and the Caledonian 
on the one hand and the Great Northern and 
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the North British on the other. The former 
operated the west coast route via Carlisle, the 
latter the east coast route via Berwick. 

In July and August, 1895, this rivalry 
developed — not foi the first time — into an 
absolutely cut-throat competition between two 
crack fliers. The trains concerned were the 
night expresses which left Euston and Kmg’s 
Cross respectively. 

KEPT STRICTLY SECRET 

Both trains were timed to depart at 8 p.m., 
so their relative positions could be followed 
almost minute by minute, a circumstance which 
gave their journeys all the excitement of a 
track race Of course, the whole business W'as 
strictly secret. The railway officials of both 
companies avowed that no such thing as a 
“ race ” was going on, but that did not prevent 
them from sitting up night after night frantically 
working out new schedules for the runs, lopping 
off a minute here and a minute there, striving 


by every possible means to give their particular 
company the victory. 

An interesting point about the “ race ” was 
that whatever schedule the officials produced 
the engine drivers besrt it, thus proving conclu- 
sively the gieat reserve of power of the loco- 
motives of those days. Finally, on August 21-22, 
a Great Northern train recorded the amazing 
time of six hours nineteen minutes for the 
London to Edinburgh run, and actually reached 
Aberdeen, 5222 miles from London, in five 
hundred and twenty minutes. This was a feat 
absolutely without paiailel m railway annals. 

TRACKS AND TIME-TABLES 

What bursts of speed this run involved, 
history does not record, but there can be no 
doubt that ninety was reached, and very 
possibly one bundled Coromitwn, winch is 
timed to complete the journey between Edin- 
burgh and London in only nineteen minutes 
less, regulaily exceeds ninety, and is actually 



INTRICATE MACHINE THAT RECORDS SPEED 
The dynamometer car of the London, Midland and Scottish Railway weighs thirty-four tons. Fitted with 
delicate instruments for recording speed, it is attached to the company's record-breaking trams. 
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LONDON AND NORTH EASTERN LOCOMOTIVE SILVER LINK 
The first engine to draw the Sliver Jubilee tram, m Septemhei. 1935. During her first three weeks of service 
she hauled the train Jar over eight thousand miles without a suspicion oj mechanical trouble 


scheduled to do the twentv-seveti miles from 
Hitchin to Huntingdon in only iiineuen ininutts 
at an average of 85 3 miles an lioui 
■Such examples show beyond doubt that speeds 
of ninety and one hundred miles an hour have 
long been within the capacity of British loco- 
motives What has happened during lecent 
years is that the tracks and the time-tables have 
been .so modernised as to make such bursts of 
speed regular, instead of extraordinary features 
ot the British railway services 

DERAILED AT HIGH SPEED 
That the record-breaking Great Northern run 
ol 1895 must have been attended by consider- 
able danger was shown during the following 
year, when a train travelling at high speed 
was derailed with senous consequences. This 
accident brought the “ race ” to an abrupt 
conclusion, the rival companies coming to an 
agreement not to cut their times for the London- 
Edinburgh run below 7| hours for the night 
expresses and 8^ hours for the heavier daytime 
trains. 


This agreement remained m force until 1932 
In May ol that year the time of the famous 
L N E R Flying Scotsman was cm Iroin 8] to 
7^ houis Bv 1936 this had been fuithci reduced 
to 7J hours, and bv 1937 to seven hours exactly. 

FAMOUS “FLYING SCOTSMAN” 

One of the oldest expresses on the line — it 
has been the “ Ten o’clock ’ since 1862 -the 
Flying Scotsman was from the start one of the 
champion flieix ol the Great Northern 

The fust "Race to Aberdeen” took place 
in 1888 following an announcement that the 
time of the flying Scotsman foi the London- 
Edinburgh run had bee n cut to 8^ hours 

In the summer of 1928 the Flying Scotsman 
made railway history, for it w^as scheduled to 
run non-stop between King’s Cross and 
Edinburgh This was easily the longest non-stop 
run in the world. To enable it to be done, 
corridor tenders were designed for the loco- 
motives, so that engine crews could be changed 
while the tram was going at full speed. 

Seven years after this record-breaking run 
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was instituted an entirely new portent appeared 
on the British railways. This was the now 
histone Sillier Jubilee, Britain’s first streamlined 
express 

Late in November, 1934, considerable interest 
was aroused by the news tha( a L.N.E.R 
four-coach special train, hauled by the well- 
known “ Pacific ” locomotive No 4772, the 
Flying Scotman, had been run from London to 
Leeds, ]85| miles, at an average speed of 
73 i miles an hour, and still more that on the 
return journey, though hauling an additional 
two coaches, the train had actually reached the 
impressive speed of one hundred miles an hour 
on the long down gradient between Stoke 
Summit and Peterborough 

The following March, on the same stretch of 
line, the locomotive Papyrus, another “ Pacific ” 
engine, while hauling a si\-coach train, reached 
the then record speed of one hundred and eight 
miles an hour during an experimental run from 
Newcastle to King's Cross 

FIRST STREAMLINED EXPRESS 

The feat was the more remarkable in that 
Papyrus had on the morning of the same day 
hauled the same tram from London to New- 
castle An obstruction on the line unfortunately 
spoiled the figures for this down journey, but 
even so the 268^ miles were covered in three 
hours fifty-seven minutes, an average of G7J 
miles an hour 

With a deal run the up joui ncy was made in 
three hours filtv-onc minutes fortv -eight 
seconds, which means an aveiage speed of 
almost C9J miles an houi On the double 
journey Papyrus returned that day an average 
speed of eighty miles an hour lor three hundred 
miles 


Incited by the success of these experiments, 
the L N E R. announced that in cele- 
bration of the Sliver Jubilee of King George V 
and Queen Mary they were putting on the rails 
in 1935 Britain’s first streamlined express, a 
high-speed luxury train which on five days of 
the week (Monday to Friday) would run 
between King’s Cross and Newcastle It would 
do the double journey each day, and would 
cover the 268J miles between London and 
Newcastle in exactly four hours each way. 

SILVER-GREY TRAIN 

On the afternoon of Friday, September 27, 
1935, the new train, consisting of seven coaches 
in three articulated sets, and headed by a 
brand-new streamlined locomotive. No 2509 
Stiver Link, left King’s Cross at twenty-five 
minutes past two on a trial run to Grantham 
A huge crowd watched the beautiful silver- 
grey train, its entire exterior covered with 
aluminiuin-faccd rexinc enhanced by chromium 
plated fittings, set out on what was to prove a 
history-making run. 

The schedule that was to be imposed on 
Silver Jubilee was of an unpiecedented seventy 
It required the tram to take only nineteen 
minutes for the twenty-seven miles between 
Hitchin and Huntingdon, and demanded a 
sust.uned average of 74 9 miles an houi over the 
1572 niiles between Hatfield and .Selby How 
would the new engines stand up to this ’’ 

The L N E R had little doubt as to the answer 
They had complete faith in their new monster 
locomotives, the largest engines they had ever 
built for passenger express work Silver Link 
and her sister locomotives — Silver Fox, Stiver 
King and Qjiicksilver — had an overall length of 
70 feet 6J inches and weighed in working order 



SILVER LINK TRAVELLING AT SPEED 

This record-break mg hiomome has an overall length of seventy feet six inches and weighs one hundred and 
sixty-five tons. The boiler pressure is two hundred and fifty pounds to the square inch. 
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one hundred and sixty-five tons. They had a 
boiler pressure of two hundred and fifty pounds 
to the square inch and a tractive effort of 
thirty-five thousand five hundred pounds 
Moreover, they were going to be asked to haul 
only a comparatively light train — three hundred 
and eighty-five tons unloaded and not more 
than four hundred tons complete with passengers 
and baggage 

“ TRAIN WHICH IS NEVER LATE ” 

As the event pioxled, Sliver Link surpassed all 
expectations Within half an hour of leaving 
King’s Cross— to be precise, at the thirtieth 
milestone, reached in twenty-five minutes six 
seconds — she touched one hundred miles an 
hour and twice during the next eight minutes 
was running at 1 12J miles an hour, the highest 
speed at that time ever achieved by a steam 
tiain 

Foi forty-thiee miles an average of one 
hundted miles an hour was maintained No 
steam train in the world has yet inoken this 
long-distance lecord Then speed had to be 
loweied on account of curves, but even so, by 
the time the train had to be slowed down foi 
f’eterboiough Station seventy miles had been 
coveied at an avetage speed ol 91 8 miles 
an hour 

Sdm Jubilee began regular working on Mon- 
day, SepUinIxr 30, 1935 'I he fust tram in the 
woild scheduled to run over two hundred miles 
iK'ii-stop at an average speed ol mort ihan 
stventy miles an hour, she quicklv C-stablislud 
a reputation as “ the tiam which is never late ” 
Not the least lemarkablc fact about the luw 
SCI vice was that lor neaily thiee weeks aftei its 
inauguration it w.is maintained liy a single 
engine, the Silvei Link, which accomplished the 
feat of hauling its tram nearly two thousand 
seven hundred miles a week without a suspicion 
of mechanical trouble 

BROKE HER OWN RECORD 

Just eleven months after her initial run, on 
August 27, 1936, Stiver Jubilee broke her own 
speed record Hauled by No 2512 Silver Fox, 
and with her weight increased fifteen pei cent 
above normal by the addition of a thirty-four 
ton dynamometer car added lor the purpose of 
taking speed measurements, she did one 
hundred and thirteen miles an hour for over 
half a mile on the down gradient between 
Stoke Summit and Peterborough. 

So smoothly did the train run even at this 



MOUNTING THE FOOTPLATE 
Mr W. H Sparrow, ifnvci of 'he Cheltenham Flyer, 
who retiied after fortv-four yean’ ieivue 


speed that most ol iht passengers were quite 
unaw'are that a record was being liroken 
Yet lunch was being served at the time, and as 
all expcncnced railway Iravelleis are well 
aware, it is in the dining tar that vibration and 
swaying are most noticeable. 

On this occasion Silver Jubilee averaged 
1 10 8 miles an hour lor six miles on end, 
exceeded one hundred miles an hour tor eleven 
miles and averaged one hundred for seventeen 
miles. On the evening of the same day an 
equally — or perhaps more — remarkable feat 
was achieved 
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Travelling from Newcastle to London, Silver 
Jubilee, hauled this time by Stiver Link, tiavelled 
up the entire length of this same gradient, a 
distance of 15.3 miles, at an average speed of 
82.6 miles an hour. When she reached Stoke 
Summit she was still moving at seventy-five 
miles an hour. 

The Silver Jubilee train consists of seven vehicles 



CHELTENHAM FLYER 
For some years it held the proud distinction of being 
the fastest tram in the world 


in three articulated sets — two “ twins ” and a 
“ triplet.” Directly after the engine comes the 
third-class accommodation; the two restaurant 
cais are placed in the middle, one on either side 
of the kitchen car, after which comes the 
first-class accommodation which brings up the 
rear of the train. 

As Its name suggests, the tram has a 
silver-coloured exterior. The material used is 
aluminium-faccd rexine, and this is washed 
down at the end of every journey Inside the 
train the upholstery us blue m the first-class, 
green in the third Loose cushions in the 
first-class coaches add an extra touch of super- 
luxurious comfort 

Before the introduction of the Silver Jubilee 
the fastest tram in Great Britain was the famous 
Cheltenham Flyer of the Great Western Railway. 


For some years. Indeed, the Cheltenham Flyer 
held the proud distinction of being the world’s 
fastest train. 

The Great Western has always been a speedy 
line, and the Cheltenham Flyer was even before 
the World War one of its bright particular stars. 
In those days it ran non-stop from Kemble 
Junction, in Gloucestershire, to Paddington, 
a distance of ninety-one miles, in one hundred 
and three minutes 

After the War Swindoi] became the final 
stopping place before Paddington, and it is on 
the 77^ miles between the Gieat Western 
Railway workshop town and London that the 
Cheltenham Flyer's record runs have been achieved. 

FASTEST TRAIN IN BRITAIN 

At first eighty-five minutes was allowed for 
the run, but in July, 1923, this allowance 
was cut by ten minutes. This cut made the 
Cheltenham Flyer, with an average of 61 8 
miles an hour, the fastest tram in the British Isles 

Six years later, in July, 1929, a further cut 
of five minutes was made, bringing the average 
speed up to 66 2 miles an hour This made 
the Cheltenham Flyer the fastest tiain in the woild 

World records never remain long unchal- 
lenged, and this was no exception In April, 
1931, the Canadian l\u ific Railway flung down 
the gauntlet bv scheduling one of its ciack 
expresses to run at an average of b8 9 miles an 
hour. 

The Great Western Railway did not long 
tolerate this challenge In July of the same 
year another three minutes was cut trom the 
time allowed for the Swindon-London run, 
thus bringing the average speed up to 69.2 
nules an hour. 

81.6 MILES AN HOUR 

In Septembei, 1932, a furthci cut of two 
minutes was made This gave the Cheltenham 
Flyer an avciage scheduled speed of 71.3 miles 
an hour No tram in the world had ever belore 
been timed to maintain an average of over 
seventy miles an hour. 

That this was well within the capacity of the 
famous “ Castle ” type of locomotives which 
hauled the Cheltenham Flyer had been amply 
demonstrated on June 6, 1932, when the run 
had been accomplished in fifty-six minutes 
forty-seven seconds, giving the amazing average 
speed of 81.6 miles an hour. 

The engine which performed this sensational 
feat was No. 5006 Tregenna Castle, a four-cylinder 
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BREAKER OF MANY RAILWAY RECORDS 
The most famous oj the Great Weiteiii's trams is the Comish Riviera Express, a/ro known as the “ Ten-thirty 
Limited " Inauguialed in 1904, tl has held more reioids than any other tram. 


4-6-0 locomotive (that is, having two pairs ol 
bogie wheels, thret pans of diiving wheels and 
no small wheels hi hind the driving wheels), 
piloted by Duvet Ruddock with Fireman 'I horp 
as his assistant The tiain was a light one, its 
SIX toachts wtighiiig, w'lth passengers and 
baggage, oiil) one hundred and ninetv-live 
tons, but this dctiacts little fiom the .istonishing 
quality ol the lun 

REMARKABLE TURN OF SPEED 
What was pel haps most remarkable about the 
running was the umlorrnity of the .speed 
Tie^mna Castle worked up to 64 3 miles an hour 
within till hrst two miles out of Swindon, to 
seventy-five miles an hour m the next two, and 
to over eighty within seven miles, and then 
maintained a speed ol over eighty till within 
two miles ol Paddington Station 

Theie were no ultra-sensational buists of 
speed. I'he run consisted of a steady accelera- 
tion rising to a peak followed by an equally 
steady deceleration. I’rom 81 8 miles an hour 
the speed rose to 84 9 at 12 J miles out of 
Swindon, to 87.8 at 17^ miles, ninety at 
224 miles and 91 4 at 211 tniles, )ust over three 
miles past Didcol Junction. 

M M — F. 


A speed of 91 4 miles an hour was held for 
five miles and, .liter a biief spell at 904 miles 
an houi, le.ithed again between Reading and 
'Fwyloid 'I hen came a steady if slight decline 
during the next twenty miles, until at Southall 
the Flyer was doing onlv 82 9 Duimg the last 
nine miles she picked up again, .md was 
jitually travelling at 84 4 miles an hour only 
two miles outside Paddington Station — -a truly 
remarkable turn of speed wdien one considers 
the maze of points and signals as one approaches 
the Gieat Western terminus 

UNCHALLENGED BY THE WORLD 

More recently the Cheltenham Flyer has exceed- 
ed the top speed ol 91 4 miles an hour recorded 
on this trip It has now a fricndlv iival on the 
Swindon-Paddington run, for in 1935 the 
GWR introduced, m celebiation of the 
centenary of the line, a new flier called The 
Bristolian, which actually does the run m 
62 J minutes 

Comparison can hardly be made between the 
two expresses, for The Bristolian does not stop 
at Swindon As its name suggests, it links 
Bristol with London. The down journey of 
118J miles via Bath, and the up of 117^ via 
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Badminton, are both done in one hundred and 
five minutes, giving average speeds ol 67 6 
and 67.1 miles an hour respectively. For the 
greater part of each journey The Bristolian 
averages seventy-four. 

Easily the most famous, and the most popular, 
of the Great Western trains is the Cornish 
Riviera Express, or the “ Ten-thirty Limited ” 



TO DETECT ELAWS IN RAILS 
The “ iron doctor ' tram ptted with "stethoscope" 
X-ray apparatus jor detecting flaws m rails 


as It IS popularly known on the line Since its 
inauguration in 1904 it is said to have held 
more records of various kinds than any other 
train 

There is little doubt that the non-stop run of 
the Royal train irom Paddington to Plymouth 
in 1903, followed by the record-bieaking run ol 
the Ocean Mails Special in the following year, 
suggested the idea of the Cornish Riviera Limited, 
which made its first run on July 1, 1904. The 
introduction of the tram created a sensation, 
for it was scheduled to run two hundred and 
forty-six miles without a stop 

Nothing approaching this had ever been done 
before, and so exceptional was the feat that 
(compulsory modifications due to war conditions 
between 1914 and 1918 excepted) this non-stop 
run between London and Plymouth remained 
an unchallenged world’s record until 1928. 


Until July 1, 1906, the Cornish Riviera Limited 
ran via Bristol. In 1904 four hours twenty-five 
minutes was allowed for the run The engines 
allotted to the task were the 4—4-0 “ City ” 
type, two-cylinder locomotives weighing just 
over ninety-two tons The tram consisted of 
seven coaches and weighed one hundred and 
eighty-two tons. 

Thirty years later the Cormsh Riviera had 
increased to a train of fourteen coaches, 
weighing without passengers and luggage four 
hundred and eighty tons. It was being hauled 
by locomotives of the immensely powerful 
“ King ” class, which weigh over one hundred 
and thirty-five tons 

RUN IN FIVE SECTIONS 

In 1906 the shortened route from Paddington 
to Plymouth via Westbuiy and Castle Carv was 
opened to passenger traffic. This knocked 
twenty-six miles off the non-stop run of the 
Cornish Riviera, and the timing was accordingly 
reduced to four hours ten minutes. In recent 
years this has been further cut to four hours 
exactly, giving an average speed of 56^ miles 
an hour over the whole run 

This does not seem vciy high when set beside 
the schedules of the Coronalum, the Silver Jubilee, 
the Coronation Scot or the Cheltenham Flyer, but 
it has to be remembered that the Cornish Riviera 
is an immensely heavy tram, and that its route 
contains stretches ol line where high speed is 
quite out ol the question 

In summer, when holiday traffic is very 
heavy, the normal iourteen coaches are fre- 
quently intrcased to sixteen, giving an all-in 
weight of anything up to six hundred and fifty 
tons Even so, this jjopular express has regularly 
to be run in two or three sections and on 
occasion as many as five are put on 

ARISTOCRAT OF RAILWAY TRAINS 

The Cormsh Riviera has been called the 
“ aristocrat of railway trains,” and it certainly 
has a lordly air which gives meaning to the 
title No doubt this is partly due to its massive 
coaches, which are sixty feet long and, with a 
width of nine feet seven inches, the widest in 
the country 

This width gives a spaciousness to the interior 
which IS enhanced by very large windows 
These are fitted with vita glass, the Cormsh 
Rtotera being the first train in Britain to be so 
equipped. 

The world’s record for the longest non-stop 
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BRITAIN’S MOST TRAVELLED LOCOMOTIVE 
No 6100, The Royal Scot, whuh in 1933 H'ut sent to the United Stales to lepieseni the Bntish railways, 
and while there toured the North American continent A plac/u^ on the engine i ommemorales the eient 


run was lifted from the G.W.R by the LM S 
Railway on April 27, 1928, when that famous 
old veteran. The Royal Scot, was run non-stop, 
in two sections, to Glasgow and Edinburgh 
respectively 

LINKING LONDON VyiTH GLASGOW 

The Royal Scot, or the “ Ten o’clock ” as she 
IS known on the line, is one ol Britain’s oldest 
trains It was on February 15, 1848, that the 
first through train linking London with Glasgow 
left Euston Station The journey took twelve 
hours ten minutes, an average of 32 9 miles an 
hour. 

The departure time of this express from 
Euston was 10 a.m During the following years 
this time was altered occasionally, but in 1862 
It was fixed for good and all at ten in the 
morning, and this it has lemained ever since 
save for periods between 1914 and 1918. 

The Royal Scot has for many years run to 
Edinburgh as well as Glasgow Formerly, the 
train was broken into two portions on the down 
and combined on the up journey at Symington 
Junction, thirty-five miles from the Scottish 
capital, two separate trains being run during 


the summer months on days when traffic was 
abiiormallv heavy 

From May 2, 1938, the two sections were 
scheduled to run independently, and The Royal 
Scot was speeded up by forty-five minutes to 
reach Glasgow in seven hours and Edinburgh 
in seven houis five minutes The 6.50 am 
from Aberdeen was scheduled to combine with 
The Royal Scot at Symington Junction, this 
bringing the “ Granite City” within 10^ hours 
of London Both sections of The Royal Scot have 
since this date run non-stop between London 
and Carlisle at an average speed of sixty miles 
per hour 

TESTING STREAMLINING 

In the early summer of 1938 the Duchess of 
Gloucester, the first of a new series of ten loco- 
motives built for high-speed passenger work, 
was placed in service to haul this famous tram 
Of similar design to the Coronation Scot, the 
Duchess of Gloucester wears the normal colours, 
red and gold, of the L M.S Ol her nine sisters, 
four are like herself streamlined, and five not, 
to test out in practice the value of streamlining. 

On the record-breaking run of April 27, 1928. 
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the Glasgow train was hauled by the locomotive 
No. 6113 Cameronian, one of the earlier members 
of the famous “ Royal Scot ” 4-6-0 class; the 
Edinburgh tram by a standard L.M.S. 4 4 0. 

TRAIN’S TRIUMPHAL TOUR 

Five years later The Royal Scot was to malce 
history of another kind, by being the first 
complete British train to pay a ceremonial 
visit to the North American continent. The 
occasion was the great “ Century of Progress ” 
Exposition at Chicago, at which The Rayed Scot 
represented the British railways, but the real 
success of the visit lay in the two triumphal 
tours made by the train before and after the 
exhibition. 

Before taking her place in the Exposition, The 
Royal Scot travelled under her own steam 
two thousand three hundred and twenty-nine 
miles in Canada and the United Stales, was on 
exhibition m thirty cities and towns, and was 
inspected from end to end by over half a million 
people 

That number represents only the merest 
fraction of those who came — many of them 
incredibly long distances — to see the train 
People travelled scores of miles merely to 
watch it thunder past a level-crossing Crow'ds 
gathered at every tiny wayside station, and 


cheered as though some hero were on board. 

And truly The Royal Scot was during these 
tours a national hero, especially in Canada, 
though the enthusiasm over her was no less 
great in the United States Quite apart from 
the fact that she represented all that was finest 
in British railway construction, and astonished 
experts and the general public by her speed and 
powers of endurance, to countless folk she was 
the embodiment of Britain, the home country 
where they or their forbears had been reared, 
and which would always remain in their 
memories as “ home ” Particulai ly to the many 
Scottish folk in North America was The Royal 
Scot dear; for it was to them a bit of “ bonny 
Scotland.” 

TWO MILLION ENTHUSIASTS 

Schools were shut on the day vvhen The 
Royal Scot was due, and children were taken by 
their elders to gaze upon the famous train 
It would be difficult to say which W'cre mote 
moved by the sight, the grown-ups or the 
children; but some idea of the universal enthu- 
siasm may be gathered from the fact that 
ten thousand people waited in poui ing ram 
until midnight neai tlie woi Id-famous Niagaia 
Falls to watch The Royal Sent n oss from Canada 
into the United States 



SHIPPING THE ROYAL SCOT TO AMERICA 
The Royal Scot was the first complete British train to pay a ceremonial visit to America. It represented 
the British Railways at the Chicago Century of Progress Exposition and made two tours. 
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MONSTER EOR SERVICE IN ALGERIA 

r/(is locomotive was, at the time of its completion in 1937, the largest in the world The railways in Algeria 
aretun paitiv by the Fiettch Paiis-Lyon-Med’ierianee and purtly by the Algerian State railways. 


At the Chicago Exposition, vvliere The Royal 
Scot uris placed alongside the giant Burlington 
Flyer, crack express of the United States 
Builington Railroad, over two inillioii people 
passed ihiough (he train during the five months 
that the exhibition was open, 

TESTS OF ENDURANCE 
It should perhaps be explained that The 
Royal Scot which was on exhibition was not 
precisely the tram which daily travels between 
Euston and Scotland In its complement ol 
eight passenger coaches were included two 
sleeping cais, which The Royal Scot, being a 
daytime tram, docs not use. These two cars, 
which belong more ptopeily to the Royal 
Highlander or the Jshght Scot, had to be included 
in Older to show a completely repiesentativc 
tram In cveiy other respect it was the normal 
Royal Scot, with No 6100, The Royal Scot, 
first of its class, at the head 
At the Exposition theic arose a demand, so 
insistent that it could not be refused, that the 


British tram should, after its stay at Chicago, 
make a second and more extended tour of the 
continent 

Accordingly, on October 11, The Royal Scot 
set out on a journey that was to cover eight 
thousand hve hundred and sixty-two miles and 
include such tests of endurance and powei as 
no express tram is ever called upon to face m 
Biitam. The magnificent engine, superbly 
handled throughout bv Dnver Gilbertson, of 
Carlisle, with the assistance of I'lremcn Jackson 
and Blackett, both of the same city, acquitted 
herself throughout the journey with unqualified 
success. 

NO USE FOR SPARE PARTS 

“ We took a whole truckful of spare parts, 
and we haven’t used one,” said Driver Gilbert- 
son at Montreal on the conclusion of the second 
tour. Yet The Royal Scot had been driven 
through every range of temperature from one 
hundred and ten degrees Fahrenheit at Las 
Vegas, in Colorado, to eight degrees Fahrenheit 
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]ust outside Montreal, where on the day of 
her entry the ground lay covered under a foot 
of snow. 

She had staggered Amencan engineers by 
hauling her tram without assistance to the six 
thousand one hundred feet high summit of the 
Colorado Mountains, up gradients that average 
one in sixty-seven for twenty-five miles, a 
slretch which American locomotives never 
attempt without the help of a pilot engine. 
She astounded them a second time by climbing 
unaided the steep spiral gradients of the Cana- 
dian Rockies, another section over which all 
American trains go “ double-headed ” — that is, 
wth two engines. 

OtOSSING A CONTINENT 

Fully to understand the astonishment created 
in America, not only among the general public 
but also in responsible railway circles, by the 
feats of The Royal Scot, we have to try to realize 
what the American railroads are like The 


first, and lasting, impression one gets is that of 
vastness 

The United States of America has far more 
miles of railway than any other country in the 
world. The distance' between the Atlantic and 
the Pacific seaboards is approximately three 
thousand miles, and runs by both passenger and 
freight trains are correspondingly long. 

LARGEST IN THE WORLD 

The run from Los Angeles to Chicago is two 
thousand two hundred and twenty-eight miles, 
while the fastest modern trains take 16J hours 
between Chicago and New York It takes 
sixteen hours to travel Irom Chicago to Denver 
in one of the new Denver ^ephyr expresses, and 
three-quarters of an hour longer to go liom 
Chicago to Philadelphia. 

American locomotives are the largest in the 
world The Yellowstone Mallet locomotive, used 
by the United States Northern Pacific Railroad 
to haul freight trains over the lower slopes ol 



CANADIAN pacific RAILWAY LOCOMOTIVE 
Wheelbase of engine and tender, sixty-four feet nine and a half inches, diameter of the driving-wheels, six 
feet three inches, total heating surface, three thousand two hundred square feet. 
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GIANT OF THE CANADIAN NATIONAL RAILWAYS 
One of the target! streamlined locomotnet Length, with tendei, ovei niiieti-foiir feet, weight, about stx 
hundred and fifty thousand pounds The diameter of its driving-wheels is stx feet five inches. 


the Rocky Mountains, weighs with its tender 
lour hundred and ninety-nine tons The tender 
alone weighs thirty tons moie than tlie largest 
British engine — the L M S “ Garratl ” class — 
in regular main line service 

DEVELOPS 6,000 H.P. 

The Mallet stands sixteen (cet four inches 
high, and has an overall length ol one hundred 
and eighteen feet It develops 6,000 h p , burns 
a ton of coal every lour miles and consumes 
two hundred and ten gallons of water a mile 

On the Virginia Railroad engines weighing 
four hundred and two tons are used to haul 
coal trains Steam locomotives lor passenger 
trains have not so far quite reached these 
colossal proportions, but Diesel locomotives have 
exceeded them. In December, 1937, and 
January, 1938, the Union Pacific Railroad pul 
into service two 5,400 h.p streamlined Diesel 
passenger locomotives, each two hundred and 
nine feet six inches long. These locomotives, 
the longest ever built and the most powerful 
of their kind m the world, are composed of 


three 1,800 h p units coupled for multiple-unit 
opeiation ironi a single control station m the 
cab ol the leading unit 

The Canadian Pacific Railway's super- 
pressure locomotive No 8000, the largest ol its 
kind in the world, has an overall length of 
one bundled Icct and weighs complete wnth 
tender 392 J tons Canada’s fiist streamlined 
locomotive No 6400, of the Canadian National 
Railways, was, when completed m 1936, larger 
than any other streamliner in existence Her 
overall length was 94 feet 7j inches, her weight 
over two bundled and ninety tons 

“ BREAKING IN ” A LOCOMOTIVE 

She and her four sisters are capable of a 
speed of one hundred miles an hour. Before 
being put on to passenger tram work the 
locomotives of the 6400 class were “ broken 
in,” as IS customaiy, by being made to haul 
freight trains They maintained speeds of 
fifty and sixty miles an houi at the head of 
trains weighing up to three thousand five 
hundred tons. 
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LOCOMOTIVE WORTHY OF ITS PROUD NAME 
The Cock o' the North is of the same type as the Earl Marshal and the Lord President, with whom it shares 
the honour of hauling heavy expresses over the difficult gradients between Edinburgh and Abeideen. 


The high-speed, semi-streamlined Jubilee 
passenger locomotives of the Canadian Pacific 
Railway, designed to haul lightweight express 
trains, weigh approximately two hundred and 
SIX tons, have a boiler pressure of three hundred 
pounds to the square inch, and are capable of 
one hundred and ten miles an hour. 

TRAINS OF GREAT WEIGHT 
Compare these with the most powerful 
passenger locomotives in Great Britain, the 
Earl Marshal, the Cock o' the North, and the Lord 
President class, built by the L.N.E R. to haul 
heavy expresses over the difficult gradients 
between Edinburgh and Aberdeen The Lord 
President, completed in 1936, has a total weight 
in working order of one hundred and sixty-seven 
tons. 

The size of passenger coaches and the length 
of trains in America is correspondingly greater 
than in Britain The long open stretches of 
country, without the multiplicity of bridges over 


the line found everywhere in Biitam, permit 
both greater height and width, though the 
gauge — i feet 8J inches — is the .same as in the 
British Isles The Canadian Pacific’s lightweight 
coaches have an overall length of 7.i feet 
10^ inches, are twelve feet eleven inches 
high, and weigh approximately loily-ninc tons. 

This is verv light foi an American coach, 
which on a normal express will weigh seventy- 
five to eighty tons or even mou. A pa<i.senger 
train will Irequently weigh Irom one thousand 
to one thousand t\so hundred tons, m Britain 
a SIX bundled ton train is considered very heavy. 

HAULED TWO HUNDRED WAGONS 

As for freight trains in North Ameiica, it 
would appear that they can be almost any 
weight or length Pour to six thousand tons 
dead w'cight is not unusual, the large Virginia 
Railroad locomotives regularly haul trains of 
fourteen thousand tons, and it is on record that 
one of them once hauled a train of two hundred 



LONDON AND NORTH-EASTERN RAILWAY’S LORD PRESIDENT 
One of the three most powerful passenger locomotives in Great Britain, the Lord President, which has a total 
weight, in working order, of one hundred and sixty-seven tons, was completed in 1936. 
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DIESEL-ELECTRIC LUXURY HOTEL ON WHEELS 
The Super Chief, one of America's latest streamlined trams It links Chicago and Los Angeles, covering the 
two thousand two hundred and twenty-etght miles in thirtv-mne hours lout teen motor-men act as dnvers 


and one wagons one hundred and twenty 
miles in 7^ hours The tram was nearly a mile 
and thice-quarters long ' 

Yet in spite of the vast distances to be covered 
and the huge si/,e and weight of the rolling stock, 
the United States and Canada jirodiKC some 
of the world’s speediest runs As on the British 
railways, schedules arc contuiuallv being acci lei- 
ated, so that any figures given are liable to 
be out of date by the time they appear in print, 
but one can at least gam an idea from the 
following examples, 

FEATS IN THE UNITED STATES 

One of the most remarkable feats of sustained 
running ever known was achieved m May, 1937, 
by the Santa F6 Railroad’s express Super Chief, 
which on hci trial tiip broke the record for the 
two thousand two hundred and twenty-eight 
mile journey from Los Angeles to Chicago with 
a time of thirty-six hours forty-nine minutes, 
thus maintaining an all-in average speed of 
slightly over sixty miles an hour in spite of 
seventeen stops on the way which occupied one 
hour fifty-six minutes 

The Missouri-Pacific Railroad’s weekly 
tourist special tram, City of Mexico, inaugurated 
on July 4, 1937, covers the one thousand eight 
hundred and eighty miles between St. Louis 

M u — E* 


and Mexico City, including three stops, in 
47^ houis The Denver ,^f/)Ayr trams of the 
Chicago, Burlington and Q,uiiicy Railioad do a 
scheduled lun from Denser to Chicago, one 
thousand and seventeen miles, in fifteen hours, 
an average all-in speed of over sixty-nme miles 
an hour t)n Octobei 23, 1936, the Mark 
Twain Z^'phyr actually tan fioin Chicago to 
Denvci in twelve hours twelve minutes 
tweiitv-scsen seconds, maintaining for over 
one thousand miles the amazing average 
speed of 83 33 miles an bout T he Broadway 
Limited of the Pennsylvania Railroad, one 
of the oldest American luxury expresses, has 
since September, 1935, done the New York- 
Chicago run of just under one thousand 
miles in 16| hours 

CARRIER OF FAMOUS FOLK 

Among shorter — though still considerable — 
runs, that of the famous Congressional stands high 
This world-renowmed Pennsylvania Railroad 
train was inaugurated m December, 1885, “ at 
the direct request of a large group of leading 
members of Congress whose duties required 
regular or frequent trips between New York 
and Washington.” 

It is claimed of this tram that during the 
fifty-odd years of its life “ it has without 
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question carried more persons of distinction 
and celebiity in the social, political, business 
and professional life of the nation, and more 
visitors of note from foreign lands, than any 
other train in America ” 

The times for its run m 1885 and today are 
an index of railway progress in the United 
States The Congmnonal at its inception did the 
226J miles between New York and Washington 
in five hours twenty-five minutes, it now docs 
the journey, with no less than six inteimediatc 



VALET FOR COACHES 
This car-cleaning device does in Ihree minutes sshal 
jormerlv look eighl hours 


stops, in three hours twenty-five rrunutes This 
includes a “ sprint ” at sixtv-nine miles an hour 
over the 75 9 miles between New'aik and 
North Philadelphia 

Another ciack flyer ol the Pennsylvania 
Railroad is the Detroit Arrou.', which links 
Chicago and Detroit In 1937 this tram had 
Its time schedule for this 294J mile lun cut to 
4J hours in each direetioii, inclusive ol three 
intermediate stops on the east-bound trip and 
four on the vsest-bound 

The remarkable feature of this run is that 
half of It IS limited by speed restrictions to under 
a mile a minute The high average of the w'holc 
is obtained by a run of 140 9 miles from Engle- 
wood on the outskirts of Chicago to Fort Wayne 
in one hundred and fifteen minutes, a start to 
Stop average of 73 5 miles an hour 

The Pennsylvania Railroad has been given 
the title of the “ world’s fastest railway,” but 
some of its competitors run it very close The 
Chicago Limited of the Chicago, North Shore and 
Milwaukee Railroad twice every day does two 
remarkable bursts. It rovers the fifteen miles 
between Waukegan and Kenosha in twelve 


minutes, and the 8 7 miles between Kenosha 
and Zion in seven minutes — average speeds of 
75 and 74 6 miles respectively. 

On July 20, 1934, a train belonging to this 
railway covered 68 9*miles between Mayfair, m 
Chicago, and Lake, Wisconsin, at the terrific 
average speed of 90 6 miles an hour The train 
consisted of five cars weighing altogether three 
bundled and ninety tons, hauled by a Baltic 
type locomotive. 

Mention has previously been made of the 
luxury appointments on crack British expresses 
Americans also expect, and get, luxury on their 
trams, far more, indeed, than do British 
travellers. 

NO REALLY LONG DISTANCES 

In making this comparison one has to 
remember that in Britain one enters a train to 
make a jouiney which will last at most a few 
hours Liverpool is now oiilv 3} hours liom 
London, Edinburgh only six hours, while 
Aberdeen can be reached between the rising 
and setting of the sun You can eat a late and 
leisurely bieaklast in Peri/.ance and be m 
London in time for tea, while the business man 
from Leeds, Bradford or Newcastle can easily 
make the leturn journey to London within the 
hours ol daylight 

For such shoii runs the modern British 
express is admirably equipped A dining-rar, a 
buffet bar oi cafetciia, a fair sprinkling of 
Pullman eais, together with such amenities as 
tram attendants on luxury expresses, and 
secretary -typists on business men tiains, and 
the reasonable wants of most British travelleis 
are satisfied .Sleeping cars have to be designed 
for single night use only, and generally for a 
short night at that 

TRAVELLING ONE THOUSAND MILES 

The -North American tram designei has to 
think along very dilhrcnt lims. He must plan 
his long-distance tram as a place in which 
people will, so to speak, take up residence It 
must be a cross between a home from home, a 
de luxe hotel, and a first-class city office 

He has certainly succeeded For example, 
suppose you are going to travel from New York 
to Chicago, a distance of nearly one thousand 
miles, by the New York Central system’s 
Century Limited 

You have to leave your office rather early, 
for the tram departs from the Grand Central 
Terminus at 4 30 p m sun time or 5.30 p m. 
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ENGINES ANCIENT AND MODERN 

The Tom Thumb, the oldest passentfer toy oniotive in 4meitra, alongside a 3,600 hp Diesel locomotive 
which ssas pul into senice on the tun oj the Capiiul Limited Jiom IVashiitglon, U S A , iii 1937. 


summer time That means peihaps leaving 
ovci one oi two jobs you intended to do, but 
you need not worry m the least about that 
In the club cai ol the tram you will find a 
shorthand typist, loi w'hose services no charge is 
made, ready to take down any letters you wish 
to dictate Or if you prefer it you can haYe tlie 
use of a dictaphone Should you have any 
urgent phone calls to make there is a telephone 
available in the observation car As this can 
also take incoming calls, your firm or your 
blends can ring you right up to the moment of 
departure And you can keep in touch by wire 
with your business at any of the stopping places 
en route 

KEEPING IN TOUCH WITH AFFAIRS 

Your business finished, you drop into one of 
the comfortable arm-chairs in the club car and 
call for a drink. There arc plentv of ncYY'spapeis 
and periodicals available, while for the hard- 
boiled one hundred per cent business man the 


stock market quotations are posted at intervals 
dm mg the |ourney The sportsman is also 
catered lor, lesiilts ol important spotting events 
being similailv displayed. 

VALET AND BARBER PROVIDED 

You can stroll along to the dimng-car 
YY'hcnever vou leel mclmed, for there is a con- 
tinuous service until II 30 p m No need to 
interrupt your game ol bridge or the interesting 
storv you have picked up because the first or 
second service is being called In the same way 
you can arrange to be called lor breakfast at 
any time you please Should you so desire, 
either meal will be served m your private 
bedroom, you have only to tell the attendant 
the approximate time you wish it. 

The bedrooms have two berths in each, but 
if you wish complete piivacy you can have a 
room to yourself by paving foi both berths. If 
your wife is tiavelling with you she can obtain 
the service of a lady’s maid, who m addition to 



140 


SPEEDING UP THE RAILWAYS 


the normal duties of such a post is trained as a 
manicurist. For yourself there is a valet who 
will sponge and press your suit while you sleep; 
and il you feel too lazy to shave m the mormng 
the tram barber will do it for you. 

NO SHAVING ON SUNDAY 

Except on Sunday if you happen to be 
approaching New York ! As you know, each 
state in the United States makes its own 
domestic laws, and the law of New York State 
does not allow the barber to shave, cut your 
hair, singe or massage you on Sunday mormng. 
If your wile particularly wants a hair shampoo 
or facial massage on the train she must travel 
on a weekday 

If your wife’s fnends send her flowers to 
cheer her on the journey, tliey can be received 
and arranged by the tram attendants, who will 
see that they are kept in a refrigerator during 
the night. 

The barber will arrange your morning shower 
bath for you; the tram secretary will post your 
letters, book hotel accommodation or theatre 
tickets lor you, relieve you of all responsibility 
for your luggage even down to a handbag 
You have only to tell him \\here you want it 
delivered, and you can walk out of the train 
without encumbering yourself with so much 
as an umbrella 

Such IS long-distance travelling on an 
American luxury express The 20th Century 
Limited has been selected as typical ol the best, 
but literally hundreds of othei trains in the 
United States and Canada could be described 
in almost similar terms 

Different railways have various modifications 


in detail intended to suit the particular demands 
of their route. Take for example any one of the 
fleet of the Union Pacific Railroad’s crack fliers, 
a fleet which includes such famous trains as the 
City of Los Angeles, tMe City of San Francisco, the 
City of Portland, the Columbine, the Pacific Limited 
and the Challenger. On each of these trains 
you will find a smoking-room where the men 
can forgather to swap yarns or discuss business 
deals On the Challenger there are de luxe coaches 
set apart for women and children, with a 
qualified nurse in attendance. 

An outstanding feature of the City of Los 
Angeles and the City of San Francisco arc sleeping 
cars of an entirely new design and interior 
arrangement These cars comprise five double 
bedrooms and twelve single rooms, the latter 
being of the duplex type — that is, each com- 
partment h.as an “ upstairs ” and a “ down- 
stairs ” bedroom — each with sufficient head 
room lor a passenger to stand eiect 4 hese are 
the first ol such cars to be put into service. 

DORMITORY-CLUB CARS 

These trams also include “ Roomette ” 
coaches comprising fourteen bed-sitting looms 
with toilet lacililies, arm-chait coaches, observa- 
tion coaches eighty-four feet six inches long, 
and dormitory-club cars lor members of the 
tram crew Everv room is equipped lor radio, 
the windows ate log-proof, and it is possible to 
telephone between any tw'o points on the 
train 

The £85,000 stre.anilined Diesel tram, Gieen 
Diamond, ol the Illinois Ccntial system, which 
runs between Chicago and St Louis, accom- 
modates all Its one hundred and twenty 



FLEET OF AMERICAN STREAMLINED TRAINS 
Five trains at the Chicago terminus of the Santa Fe Railroad. The middle tram is drawn by a steam engine, 
white the other four are Diesel-powered. In 1938 the company had thirteen streamlined trains. 




CONTRASTS IN AMERICAN STEAM LOCOMOTIVES 
(Left) A Builington Line “ high-stacker” of fiftv yeats ago (Middle) Streamlined Hiawatha, capable of 
one hundred and two miles per hour (Right) the North-Western "400,” of more conventional type 


passengers in arm-ehair seats The tram 
consist' ot five cars, one foi the engine, one lor 
mail and baggage, and three lor jiassengeis — 
a hulfet-dining car, a loungc-obscivation car, 
and a diawing-i oom car 

RADIO ON THE TRAIN 

Radio in the club ears of American expresses 
is a commonplace I'rains such as the City of 
Mexico or the Florida Special bearing holiday- 
makers to the sunny south provide dance-bands 
and orchestras. On the Canadian Pacific 
Railway will be found single bedrooms and 
drawing-room compartments complete with 
private dressing-room 

Sun lounges are available on almost all 
American long-distance expresses In the Denver 
Ztphyr trams of the Burlington Railroad all the 
passenger cars have windows of unbreakable 
glass with nitrogen sealed hermetically between 
the double panes. I'his ingenious arrangement 


IS to prevent frost and the accumulation of 
moisture 

So one might go on, to tell of cocktail bare, 
radiograms, illuminated clocks in sleeping cars, 
individual colour schemes and a hundred other 
details which transform railway travel from a 
weariness to a gilded pleasure But let the above 
suffice It shows that the railways are doing 
more than merely speeding up 

STEAM, DIESEL AND ELECTRIC 

By no means are all these speedy American 
expresses hauled by steam locomotives A 
contest for supremacy is going on between three 
methods of propulsion steam, Diesel power, 
and electric power So rapidly is the struggle 
developing that any statistics are out of date 
almost as soon as they are published; but recent 
figures show that of two thousand four hundred 
and twenty-two miles scheduled to be run in 
the Umted States at speeds over seventy miles 
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ZEPPELIN RAILWAY CAR 
Experimental German Zeppelin railcar, ihowing 
the giant airscrew, on the trial line near Hanover 


an hour, Diesel-powered locomotives accounted 
for one thousand six hundred and fifty, steam 
for seven hundred and thirty-three, and electric 
power for thirty-nine. 

The Pennsylvania Railroad completed in 1935 
the electrification of its New York-Washington 
line, and now operates its speedy services 
between the two piemier United States cities 
with a numerous team of powerlul streamlined 
electiic locomotives The leading type of these 
giant flyers has an overall length of 79J feet, 
weighs two hundred and five tons and develops 
4,620 li p It can haul seventeen all-steel 
coaches at o\'er ninety miles an hour, and on 
trial runs has done up to one hundred and 
twenty. 

ZEPPELIN ON RAILS 

This IS not the fastest ever achieved by an 
electric locomotive, as long ago as 1903 a 
German electric vehicle is said to base reached a 
speed ol one hundicd and ihiity miles an hour 

Incidentally, all the woild's letords fbi higlust 
(as distinguished Irorn sustained) i ail way speed 
were until 1938 claimed by Germanv In 1931 
a stieainlmcd petrol-driven lailcai, aptly iiaincd 
the “ Zeppelin on lails,” touched one hundred 
and foit^-thiec miles an lioui It was a car 
with accommod.iiion lor loitv passengeis, and 
(lUf d vMlh a ')()!) li p motor In 1936 a Geinian 
electric tiain attained one hundied and tliiity 
miles .111 hour, a f>erman Diesel-poweicd loro- 
motne one hundied and twenty-seven and a 
steam loconioiivc 124 89 An Aineiuati steam 
locomotive is said to ha\c touched 1271 miles 
pti hour, but this record is not authenticated 
In 1938 the L N E R , after making official 
inquiiies in Eianie, Geimany and the United 
•States, claimed a world’s rccoid lor steam 
trams in lespcct of the 125 m p.h achieved by 
the Mallard on July 3 

LONGEST LIGHTWEIGHT TRAINS 

An example ol the use ot Diesel power for 
higli-specd railway locomotion is lound in the 
Denver trams ol the Chicago, Burlington 

and Quincv Raihoad, which have already been 
mentioned as doing the one thousand and 
seventeen miles between Chicago and Denver 
in fiheen hours. 

Claimed to be the longest lightweight trains 
ever built, each consists of twelve coaches, with 
an overall length of eight hundred and eighty- 
threc feet nine inches, and a weight unladen of 
five hundred and eighty-six tons. The first two 
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MTTL-.D WITH A SPECIAL SMOKL niHF.CTOR 
An mtereumg Jeatnre oj this Pennishiinia Raihoad hxomolive is it desitt muddled on the principle of an 
aeiopUine sting which de/leils the smoke iipssards w a\ to deal hath engine and tram 


Mrs contain the Diesel-electuc power units, 
•ind part ot the third is given over to auviliary 
geiuiating apparatus 

'rile Utuou Pacific’s streamliners Citv ef Los 
Aii!;eles and City of San Framiuo, hiought into 
service iti December, 1937, and f.iniiais l’)38, 
lespectivelv, aie much longi i tiains, hut also 
much heavici Isach is composed ol secenteen 
cats {including the ihiee Diesel units) and the 
total length is one thousand tuo hundred and 
ninetv-si\ feet, or )ust under a quartei of a miU 

The hist lull^ streamlined, high-s|)eed light- 
weight tiain was a thice-cai train built b) the 
I’nion Pacific Raihoad of the I’liited Slates 
The second streaiiilnier built by this railway, a 
six-car Diesel-powered tram, was not only the 
first of Its kind, but a smasher ol \%orld’s lecords 
in one ol the most sensational runs ever recorded 

POWERED BY DIESEL ENGINE 

Starting from Los Angeles at 10 p m on 
October 22, 1935, the M-IOOOl, as it was known, 
arrived in New York m the cai Iv hours ol the 
twenty-fourth, having done the coast-to-eoast 
run of three thousand two hundred and filtv- 
cight miles in fifty-six houis fifty-five minutes, 
or 14^ hours faster than anv other train beloie 
In the course of the run the train attained a 


maximum speed ol one hundred and twenty 
miles an hour and covered five hundred and 
eight miles at the high average ol eighty-lour 
miles an houi The motive powei was supplied 
by a twelve-cvlinder Diesel engine designed to 
develop 900 h p at 750 i pm 

HEAVY OIL K)R LOCOMOTIVES 

I'lie us< ol hi aw oil ioi railway locomotion 
is spieadmg in many countiies Denmark has 
abandoned the budding ot steam locomotives, 
and is pinning its laith to the Diesel-powered 
unit loi eveiv lonn ofiaihvay traction Holland 
m 1934 intiodiiced new oil-electiic luxury trains 
capable ol 871 miles an houi Germany uses 
Diesel locomotives on many of its hifh-speed 
long-distance exjnesses, including the well- 
known Flyinq Hambitrgn Diesel-elcctiic work- 
ings are found also m many of the South 
American states 

In Biitain Diesel power has made some 
pi ogress A number ol Diesel-powered loco- 
motives .ire used for shunting 

One type, which has been put in use by the 
L M S , IS the 300 h p Diesel-electric shunting 
locomotive designed and built by the English 
Electric Company in conjunction with Messrs 
Hawthorn Leslie & Co , ol Ncwcastle-on-Tyne. 
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This locomotive is of the type 0-6-0 with six 
coupled wheels It weighs in lull running order 
only forty-seven tons, has a maximum tractive 
effort of thirty thousand pounds, and possesses 
the great advantage over the steam locomotive 
of being able to remain in work during practic- 
ally the whole twenty-four hours for days 
each week without refuelling or extensive clean- 
ing It IS operated by a six-cylinder Diesel 
engine which drives a two hundred and thirty 
kilowatt main generator, an eleven kilowatt 
auxiliary generator, two 175 h.p. traction 
motors and a patent “ torque control ” equip- 
ment, this last the first of its kind in the 
country. 

PNEUMATIC-TYRED RAILCAR 

In February, 1933, an interesting experiment 
was carried out in connection with the British 
Industries Fair Sir W.G Armstrong-Whitworth 
(Engineers), Ltd , Shell Mex & B P Ltd., with 
the co-operation of the L M S., ran between 
London and Birmingham a 250 h p Armstrong- 
Whitworth Diesel-electnc motor train to carry 
visitors to and from the Fair The train was 
self-contained, generating its own electricity 


from an oil-driven engine, and was capable of 
sixty-five miles an hour. 

During February, 1935, a streamlined pneu- 
matic-tyred railcar driven by a petrol engine 
was tried out by the E M.S in conjunction with 
Armstrong-Siddeley Motors Ltd , over the forty 
miles between Euston and Leighton Buzzard. 
Some remarkable results were obtained. 

TESTING THE BRAKES 

The run took fifty minutes, but this included 
a number of braking and acceleration tests. 
At Willesden Junction the railcar, then travel- 
ling at fifty-six miles an hour, was brought to a 
standstill in one hundred and thirty yards and 
a time of 7^ seconds At Watford the tram was 
stopped in one hundred and ten yards ft am 
fifty-five miles an hour, the time of braking 
being 9^ seconds 

On March 24, 1938, a streamlined three-car 
Diesel-powered L.M S. train was given a trial 
run along part of the seventy-seven miles between 
Oxford and Cambridge An unfortunate error 
by a passenger, who pressed a button opening 
the air-operated doors without realizing that his 
action automatically applied the brakes, rather 













BRITAIN’S FIRST STREAMLINED RAILCAR 
Introduced by the Great Western Railway Company on its suburban services between Reading and Slough in 
1934. It was the outcome of exhaustive tunnel tests to reduce wind resistance. 


spoiled the figures for the run, but nevertheless 
the thiity-three miles were covered m 30 J 
minutes, an average speed of almost sixty-five 
miles an hour, while a top speed of eighty-two 
was attained 

The tiain, which has a distinctive exterior 
painted m aluminium and post office red, 
has an overall length of about one hundred and 
eightv-five feet and weighs seventy-three tons 
111 full working order. It contains three saloon- 
type vestibule cars with accommodation for 
one hundred and sixty-two passengers, and is 
driven by six Leyland Diesel-hydraulic traction 
umts, each engine developing 125 h p 

TRAIN OF THE FUTURE 

Shortly afterwards a 1 J hour service, including 
three intermediate stops, was instituted between 
the two university towns Those who used to 
make the railway journey fiom Oxford to 
Cambridge, or vice versa, in the not-so-long-ago 
days when it took four to five hours, will prob- 
ably agree with those who herald the speedy 
little railcar as the tram of the future At any 
rate, the experiment, which is designed to prove 
the value of Diesel power on secondary railways, 
is full of interest 

The G.W R. has taken the lead in Britain in 


the development of the railcar. In 1934 it 
mtioduced its first streamlined car on local 
services m the London area In July of the 
same year it inaugurated a streamlined railcar 
express service between Birmingham and 
Cardiff, a distance of 1 17J^ miles 

WTTH LIMITED ACCOMMODATION 

The original railcar was a sixly-nme seater; 
the express cars accommodated only forty 
passengers, but included a cafeteria and bar, 
lavatory compartment and luggage space 

Such was the success of these early railcars 
that their use spread rapidly By 1937 the 
G.W R had eighteen m service doing a daily 
aggregate ol three thousand three hundred and 
thirty-three miles 

Fiom the first each railcar was provided with 
two 1 30 h p oil engines, similar to those used 
by the London Passenger Transport Board on 
many of their buses, and capable of seventy 
miles an hour Early in 1937 a new type of 
car was introduced on the Lambourn Valley 
branch near Newbury, this had seats for forty- 
nine passengers in two saloons opening on to a 
centre vestibule, and was so arranged that other 
coaches or trucks could be attached to the car 
if additional accommodation should be needed. 
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This car is used frequently to haul horse- 
boxes, Lambourn being a noted racehorse 
training centre But early every morning it 
has another very different job, tor it carries 
letters and parcels between Reading and 
Basingstoke It is the first railcar to carry 
Royal Mail, though in the previous year the 
G W R. placed in service a railcar specifically 
built to carry parcels. 

ENTER THE RAILBUS 

A railway tram lighter even than the railcar 
was, in 1933 placed in service by the L N F..R 
This was a railbus designed and built by 
Messrs Armstrong-Whitworih, and put on the 
rails between Newcastle and North W'ylam 

This railbus was at the date of its introduction 
the lightest self-propelled railway c.oach ever 
built in Great Biitain It had also the distinc- 
tion of being the first streamlined railway unit 
in the country 

Its engine was a 95 h p Armstrong-Saurcr 
Diesel with automatic working and no gear 
changing, whatever speed was required was 
obtained by the turning of a single handle. 
Tried out on a run between Newcastle and 
London, the railbus took five hours loiiv-eight 
minutes to do the journey of two hundred and 
sixty-eight miles, a time which it would have 
considerably bettered had it not been halted 
eight times by signal checks 

Making allowance for this, the time compared 
very favourably with that of the non-stop run of 
the Flying Scotsman — four hours fifty-fis e minutes 
And It was achieved with thi abnormally low 
fuel consumption of thirty-five gallons, the 
cost for fuel being 13s 2d 


In 1932 the Armstrong-Whitw'orth oil-elcctric 
tram, Fyneside Venture, which had seating 
accommodation for sixty people and could 
carry them along at sixty-five miles an hour, 
completed twenty-five thousand miles service 
on the L.N E R The cost for oil and fuel had 
amounted only to ,^87 — less than fourpence a 
mile ! And the operation of the tram was so 
simple that a child of five had actually driven 

It ! 

On the Continent, Italy has taken up the 
railcar with gusto and the numbers there are 
rapidly increasing In Southern Italy, on the 
Italian State Railways, railcars accommodating 
fifty-six passengers and piopellcd by two 
130b.hp Breda-A E.C engines have, when 
fully loaded, reached a speed of eighty-seven 
miles an hour. 

ITALY’S FIAT MOTOR TRAIN 

Of paiticular note is the “ Fiat Motor I lain ” 
which has been put into seivice on the 1 unn- 
Milan- Venice line, and which does the 2621 
miles, including one stop of seven minutes, m 
two bundled and sixty-lhiee minutes 

The tram consists ol thicc ai tit ulated coaches, 
of which the fust and third cairy the two 
Dicsel-Fiat tw ( K e-cylmdci 400 h p engines 
The unique fratuie on the mechanical side is 
ihc adoption ol duett mechanical transmission 
betwten the engines and the wheels, a dexite 
which gives a speed up to one hundicd miles an 
houi The power is transmitted to the wlittls 
through a four-speed gearbox, a fiee-wheel 
device, a icvcrsmg pinion and a speed reduction 
geai 

In 1934 a motor-driven railcai serv'ice was 



SELF-PROPELLED PULLMAN RAILWAY COACH 
In 1933 the Pullman Company put into service at Chicago a self-propelled railway coach capable of ninety 
miles an hour. It weighs twenty-five thousand pounds, a standard coach one hundred and sixty thousand. 
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RAILCAR WITH PNEUMATIC TYRES 

The CoventiY Pneumatic Ratkar, a pciwi-dnven unit cleugned for express passenger services It has sateen 
pneumatic-tyied wheels, is capable of seveiit} miles an hour, and has accommodation /or fi/ly-six passengeis 


introduced on the Freneh Pans-Lyon- 
Mediterranee line between Pans and Vichy 
riie unit consisted of two stieatnlmed cats with 
at conimodaiion loi seventy-loar passengers and 
iiK luding a small kitchen Faigmed by lour 
independent Bugatti petiol engines, the railc.ir 
avciaged sixty miles an hour and leached a 
maximum ol eighty-six 

RUN ON GAS FROM CHARCOAL 

On Decemlici 8, 1935, a sensational lun was 
achieved by a French lailcai which actually 
tract lied six hundied and eigluv-fivc miles 
111 eight houis two minutes at tht ama7ing 
aveiage spaced of' eighty-fivc miles an hour 
It was much more highly poweied than the 
oidinary railcar, being fitted with a 500 h p 
Renault unit 

Railcars have been adopted on the Continent 
to a greater extent than in Britain because inanv 
Continental countiies are deficient in coal 
supplies For the most part these railcais arc 
Diesel-powered, but one French car uses 
producer gas made horn charcoal, a commodity 
which is abundant in France This car is a 
two-coach unit having at one end a charcoal 
hopper and furnace and at the other a 215 h.p. 
Panhaid sleeve-valve engine. 

In more than one F,,uropcan country the use 
of Diesel-powered and electric railway services 
is being developed side by side. This is notably 


the case in Holland, where electric trat tion is 
used in the moie heavily populated areas, Diesel 
povici in the moie lur.d districts 

ll.iK, while extending lapidly her Diesel- 
opieiattd sciMces, has also the distinction of 
[xisscssing bv lar the largest electiic railway 
system m Europe In 1937 she had three 
thousand loui hundred and filly route miles 
opeiated electrically, her nearrst rivals being 
Switzerland with out thousand eight hundred 
and sevcniv miles, Sweden with one thousand 
seven hundred and sev-eiity, and France with 
one thousand seven hundred and fifty 

Britain has lagged fai behind these conti- 
nental countiies because so lar only one of the 
lour lailway groups has gone in at all extensively 
for electrification 

INTRODUCTION OF ELECTRIC TRAINS 

The Southern Railway began to electrify its 
suburban services long belore it became the 
Southern Railway — to speak paradoxically 
On December 1, 1909, nearly fourteen years 
before the London, Biighton and South Coast 
Railway, the South-Eastern and Chatham 
Railway and the London and South-Western 
Railway were amalgamated to form the 
Southern Railway, electric trains began to run 
between Victoria and London Budge, on the 
South London line of the London, Brighton 
and South Coast Railway. 
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Within thirty years, from this modest begin- 
ning there has grown up the largest suburban 
electrified system in the world. 

In 1911 and 1912 the London, Brighton and 
South Coast Railway electrified their lines from 
Victoria and London Bridge respectively to the 
Crystal Palace. In 1915 the London and 
South-Western Railway began to electrify; the 
first line altered was that from Waterloo to 
Putney and Wimbledon, and this was followed 
a year later by a “ roundabout ” route linking 
Kingston, Shepperton, Hounslow, Surbiton, 
Hampton Court and Claygate. 

FIRST MAIN LINE ELECTRIFICATION 
Really intensive electrification did not begin 
until after the amalgamation of the three 
railways to form the Southern system For some 
SIX years development M’as confined to suburban 
services; in 1925 Guildford and Dorking were 
reached, in 1926 Orpington, Biomley North 
and Dartford, in 1929 Epsom 
In 1929 the Southern Railway decided to 
electrify their main line service from London to 
Bnghton and Worthing The first section, from 
Coulsdon to Redhill, Reigate and Three 
Bridges, was opened to traffic in July, 1932, 
and the complete service on January 1, 1933 
This was the first main line in Britain to be 
electrified. The Southern Railway made a 
handsome job of it, for the cost of ,(^2, 750,000 
included the provision of luxurious new rolling 


stock and the installation of electric colour light 
signalling. 

In this connection it may be mentioned that 
on March 21, 1926, the Southern Railway 
installed between Holborn and St. Paul’s and 
the Elephant and Castle the first “ four-aspect ” 
colour light signal system in the world 

ELECTRIC SIGNALLING SYSTEMS 
The signals consisted of four focused electric 
lamps, one above each other, on masts at a 
level with the eye of the driver of the train. 
The top light was green, signifying line cleai , 
the second, two yellows, warned the driver to 
expect the next signal at caution, the third, 
one yellow, that the following .signal might be 
at danger, and the fourth, a red light, com- 
manded him to stop 

Among the expresses changed from steam to 
electric traction was the famous all-Pullman 
Brighton Belle^ which, always a luxurious train, 
became even moie so with the change 

The success of the electrification was instan- 
taneous. It had been introduced largely to 
cope with the already heavy traffic on this line, 
because with electiic trains gi cater lrec[ucnry 
of service can be given The result of the electri- 
fication was an immediate mciease m tiaffic 
This success has been maintained, in fact, at a 
recent annual general meeting electiification 
was stated by the chairman of the directors as 
having proved a “ gold mine ” 



SOVIET LOCOMOTIVE ON SHOW AT AN EXHIBITION 
The Russian locomotive, Josef Stalin, at the railway pavilion of the 1937 Pans Exhibition It 's said to be 
capable of a speed in excess of ninety miles an hour. Note the large coupled driving-wheels. 
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SOUTHERN RAILWAY S POPULAR OOLDEN ARRO^y 
One of the mo^i popular trams m the set vice of the Southern Railway, the Golden Arrow operates between 
London and Dover, coveting the seventy-seven difficult miles in one hundred and fijteen minutes 


By Decemirei, 1933, the direcion of the 
Southern Railway had decided to electrify the 
line to Lewes, Scalotd, Eastbourne and 
Hastings, at a cost ol ,(.1,750.000 This scheme 
was completed by July, 1935, and the company 
then proceeded to link, up Portsmouth with 
London, 

MILLIONS OF MONEY INVOLVED 

This, the most ambitious plan so far under- 
taken, involved .1 cost ol .(^3,000,000 and the 
elettrification ol seventy-lour miles ol lailway 
line This is the longest stretch ol lailway in 
Great Britain operated by elcctiic traetion 
On July 1, 1937, the first electric train ran into 
Portsmouth and .Southsea Station, bearing at 
Its head the crest and motto of the Borough of 
Portsmouth, and public services began three 
days later. 

On the same day a further twenty-two route 
miles of electrified line were also opened This 
addition of ninety-hve miles in all brought 
the Southern Railway’s electrified route mileage 
up to five hundred and fifty miles, its tiack 
mileage to one thousand four hundred and eight. 

Twelve months later woik was begun on the 
coastal route between Portsmouth and Hastings, 


a distance ol ninety miles, while at the same 
lime the elcctrifit alion of an alternative route 
betvseen London and Portsmouth was pul in 
hand By June, 1938, electrification ol the 
route between Biighlon and Portsmouth was 
completed 

Meanwhile, there are still plenty of main line 
runs on the Southern Railway maintained by 
steam One of the best-known and most 
popular services is the Golden Arrow, by which 
passengers for the Continent are transported 
fiom London to Dover 

LIDCURIOUS PLtLLMAN TRAIN 

From half-past ten to eleven o’cloik there is 
always plenty of excitement and bustle to be 
seen on the Continental departuie platform at 
Victoria Station Stacks of mail, mountains of 
luggage, and crowds of passengers and their 
friends make up a busy scene 

Al exactly 11am the Golden Arrow, a luxuii- 
ous Pullman tram, begins to glide out of the 
station for its seventy-seven mile run to Dover. 
It will take one hundred and fifteen minutes, 
which sounds very slow compared with some 
of the runs about which we have heard; but 
the route is difficult, with many forced slowings 
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down for gradients, curves and junctions. 
Actually, the Golden Arrow frequently exceeds 
seventy miles an hour on the run. 

Another famous Southern Railway steam- 
hauled tram is the Atlantic Coast Express, which 
on the journey between Plymouth and London 
puts up some fine bursts of speed 
For the first fifty miles out of London the 



TWO-DECKER RAILWAY CARRIAGE 
A German railcar which has an upper and a lower 
deck and carries three hundred passengers 


gradients are very much against it, yet this 
flyer reaches Salisbury, 83| miles away, in 
ninety minutes After that it really begins to 
get going, and works up to between seventy-five 
and eighty miles an hour 

On the up journey, the last part of the run, 
thanks now to favourable gradients, is very fast 
The forty-four miles between Basingstoke and 
Clapham Junction are covered in forty-one 
minutes, and frequently on this section an 
average speed exceeding seventy miles an hour 
IS maintained for thirty miles 

Before going on to consider some of the more 
notable electric services in countnes overseas, 
let us spend a few moments in that really 


remarkable network popularly called “ London’s 
Underground.” To a Londoner a journey by 
“ tube ” is so ordinary a feature of his daily 
life that he rarely stops to think what an 
aggregate of mechanical miracles is set in motion 
to carry him from, say, the Bank of England to 
Oxford Circus. 

LONDON’S FIRST UNDERGROUND RAILWAYS 

The visitor from the provinces, up for the day 
m “ Town ” or spending a holiday there, is 
more discerning, to him the swift escalators, 
the automatic ticket and change - giving 
machines, and the speedy little trains arc a 
never-ceasing source of interest. 

And quite rightly, too There is so much 
that IS marvellous in the working ol London’s 
Undergiound that to tell the whole would 
require a book in itself. Here wc can touch only 
on a few more outstanding facts 

As everyone know^, the fiist underground 
railways in London were hauled by steam 
locomotives; and a nasty unpleasant business 
It was travelling by them The sulphurous 
fumes hung about in the tunnels, impregnating 
everything with dust and foul-smelhng vapour, 
so that the only pleasant featuie of ajouiney 
by Underground was the escape at the end of 
It into the comparatively salubrious air of the 
London streets 

Electnfic.mon came to London’s Under- 
ground almost by accident When the first tube 
was being built, between IGCb and 1890, it 
was intended to use steam traction, but almost 
at the last moment it was decided to use 
electric power 

ALL-ROUND SPEEDING UP 

Within the next ten years only two more 
electrically operated underground services — the 
Waterloo and City and the Central London — 
were opened, but the early years of the twentieth 
century saw a rapid development 

This development, slowed down between 1914 
and 19J8, was resumed aftei the World W'ar, 
and the third and fourth decades of the century 
have seen its extension far out into the suburbs 
and even beyond The red and yellow trains 
of the Bakerloo Line, for example, now run 
almost parallel with the L.M S. mam line trains 
as far as Watford, nearly twenty miles from the 
heart of London 

The 1930’s have witnessed, m addition to a 
considerable extension of the Underground, an 
all-round speeding up. Streamlined trains with 
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higher maximum speeds, faster acceleration 
and better braking, are actually bringing the 
Underground trains on to an equality with the 
main lines in respect of speed. 

This is no exaggciation : the most modem 
type of train on the Piccadilly Line is capable of 
sixty miles an hour, and can accelerate at two 
miles an hour per second The rate ol braking 
is even faster — three miles an hour per second 

EQUIPMENT BENEATH THE FLOOR 

These trains have three times as many motors, 
giving nearly twice as much power, as those 
previously in service The latter, of the six-car 
type, had four driving motors giving altogether 
960 h p , the new six-car trains have twelve 
motors totalling 1 ,656 h p 

Increased passenger accommodation is given 
by placing all the electrical equipment for 
controlling the tram beneath the flooi This 
docs away with the special comp.ii imcnts for 
equipment always louiid in pievious types 
A fcatuic of the tube trams is the automatic 
opening and closing ol the doors On the newer 
trains pncutnatit control enables passengers 
themselves to opeiate the doors 
T'his IS one of the inntimeiahle devices 
adopted bv London Tiansport to lacililate exit 
from and eiitiy to the tais at stations, and so 
sjieed up the Undei ground scivicc By this 
method any dooi can be opened almost 
instantaneously to us lull w'ldth the moment the 
train stO|is — it cannot be operated while the 
tram is m motion -thus saving the piecious 
second or so waiting lor a general opening 

DURING RUSH-HOliRS 

Anothei device loi speeding up on the 
Underground is not nearly so popular with 
passengers Diiimg the “ lush-liours ’ it is 
virtually impossible to obtain a seat m a tube 
tram— in Central London, at any rate Many 
people have w ondei t d whv, m view ol this fact, 
more seats are not provided Theie is obviously 
plenty of room for them 

The wide space facing the doors in each coach 
is deliberately kept free of seating accommoda- 
tion Were every passenger to have to rise from 
a seat, the trains would take twice as long to 
load and unload at each station during the 
“ rush-hours.” 

So a choice has to be made between a very 
frequent service of trains laigely consisting of 
“ standing room only ” and a much less fre- 
quent service of trains with “ seats guaranteed ” 


London Transport pins its faith to the 
former alternative, and with very good reason, 
for however many seats were provided in each 
tram, at the peaks of the “ rush-hours ” the 



AMERICAN DOUBLF-DECICER 
The double-decker carriages of the Long Island 
Railway seat one hundred and thirtv-six passengers 


accommodation would be swamped on any less 
frequent set vice of trains 

Railway travel ranks among the safest forms 
of transport, it was calculated in 1936 that the 
risk of death to the passenger was one in 
eighty million, or m otlier words that a person 
making two lail way journeys every weekday — as 
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the normal season-ticket holder does — ran the 
risk of being killed once every one hundred 
thousand years. 

London’s Underground is among the safest 
of all railways Over a period of more than 
thirty years between 1907 and 1938 not a single 
train accident involving the death of a passenger 
occurred, though dunng that time ten thousand 
million passengers were carried This proud 
record was unhappily marred in May, 1938, by 
a tragic collision near Charing Cross in which 
people lost their lives An immediate official 
inquiry revealed the cause of this accident, 
and thus virtually precluded the chance of a 
similar mistake ever happening again. 

COLLISIONS ARE RARE 

Collisions on the London Underground are 
extremely rare occurrences. In 1907 three 
jjeople were killed in one on the Metropolitan 
Railway; in 1912 and 1932 there were slight 
affairs involving no injuries, and m March, 
1938, one between Waterloo and Charing Cross 
in which twelve people received minor injuries 
On this occasion probably more discomfort 
was experienced by the people in the trains 
immediately following the two which had 
collided. They were imprisoned for over two 
hours in the tunnel north of Kennington 
Station, with the result that a number of 
women fainted because of the oppressive heat 

The remarkable safety record held by Lon- 
don’s Underground is directly due to the 
elaborate signalling and safety devices adopted 


on the system. Nearly all the signals and 
points are operated by either compressed air or 
electric power, and all the signalling apparatus 
IS designed on the principle that a failure of 
electric current or 'the breaking of any wire 
automatically places the signal at the danger 
position. 

MECHANICAL AIDS TO SAFETY 

By means of the “ track circuit ” — that is, an 
arrangement by which the running rails are 
divided into lengths of tr.ack electrically 
insulated from one another — the trains them- 
selves set the signals behind them at danger and 
hold them there until they pass into the next 
section of line. 

In signal cabins operated by signalmen an 
illuminated diagram shows the layout of the 
track controlled from the cabin Every train as 
It enters this section switches off the lights along 
Its path, so that the signalman, though he rnav 
neithei see nor hear the actual tram, can follow 
every yard of its progress in his section 

He cannot move the points once a train is 
on the rails adjoining them, nor tan he alter 
them once he has given the driver of the train 
the signal to cross over them 

Should the diiver ignore a danger signal the 
train will still stop, foi neai each signal and 
working in conjunction with it is an apparatus 
alongside the track known as a trainstop This 
IS lowered if the signal is at clear, hut when the 
lattei IS at danger it is laised vcrtitally to 
engage a tiipcock, oi projecting arm on the 



TANK THAT IS AN ENGINE OF PEACE 

This caterpillar-type tank, driven by a petrol engine, is equipped with electric welding apparatus for carrying 
out repairs on railway tracks, steel brtdges, signal boxes, water tanks and other railway structures. 
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RAILWAY SLEEPERS ABOUT TO BE PICKLED 
Timber sleeper? tieated ssith creosote or some similar preserving liquid are used on all the British railways 
Under Biitisli conditions they last longer and give smoother running than metal and concrete sleepers 


train which switches ofT the current and applies 
tlie brakes This iripcock is tested on ever^ 
single journey 

The “ dead man’s handle ” h.is been so olien 
desciilied that it is hardly necessaiy to do more 
than mention it heie .Siiftice to sa\ that to 
keep the tiam nmiiiiig the drivei has to c\eit 
a slight dowiiwaid piissiire on a knob on the 
controller handle Should his gii|) i elax the train 
IS automatically brought to a standstill 

CUTTING OFF THE CURRENT 
Should It be necessaiy for any reason to cut 
ofl the current --as, for example, after the 
accident in Maich, 1938, when one thousand 
five hundred people had to walk along a 
section of tunnel to the nearest station — all the 
driver has to do is to pinch together two bare 
wires suspended the length of the wall 

This action not only switches off current; 
It also gives warning by lamp and bell to the 
sub-station and automatically switches on 
emergency lighting in the tram If the driver 
wishes to speak to the sub-station, he merely 
has to attach a portable telephone to the bare 
wires. 

The intervals between trains are recorded by 
the trains themselves, and this infoimation is 


passed on immediately to both engincning and 
operating staffs, with the result that anv mishap 
or delay is obvious and can be corrected with 
the minimum of delay 

TUNNELS OF CAST IRON 

Doors, lifts and escalatois aie iunilarly 
protected by mechanical means against human 
enor and the erratic habits of passengers 
Lights reveal any gap between platform and 
train, platform floors are ol non-slip material, 
pumps are ready in case ol flood, fire hydrants 
and extinguishers in case ol hre 

Coaches are virtually all-steel; tunnels are 
cast iron and waterproofed with cement, lails 
are built m and immovable, cables aie usually 
flame-proof, and the trains are protected by 
fuses against excess current A penny ticket on 
the Underground buys for the passenger the 
use of a most marvellous array ol ingenious 
safeguards 

One could hardly leave the subject of 
London’s Undei ground without at least mention 
of what IS officially called the Automatic Tube 
Railway of the General Post Office. True, it 
has no concern with passengeis, and few 
members of the general public ever see it, but it 
is intimately connected with their daily lives, 
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for It works twenty-two hours a day on six days 
ol the week transporting mail across London. 

Constructed between 1924 and 1928, it runs 
from Paddington Station to the Eastern District 
Office in Whitechapel, a distance of 6^ miles, 
linking up the Western Central District Office, 
the Western District Office and the Western 
Parcels Office with the General Post Office 

In construction the railway is similar to the 
passenger tubes, except that both east-bound 



BUILDING A DESERT RAILWAY 
Carrying sand excavated by the traik-layeis dm mg 
the construction of an Egyptian ladway 


and west-bound tracks are in one tunnel Only 
at the stations are there two tunnels 

Between stations the running of the trains is 
entirely automatic, in the station areas it is 
semi-automatic. A train stops automatically, 
but It IS started again by the movement of a 
lever in the operator’s cabin 

Suppose a train is standing in a station. The 
operator pulls his lever, the train starts, runs 
on to the first automatic section and passes over 
It. The moment it reaches the second automatic 
section it “ clears ” the first, but switches off 
current from it, rendering that section dead 
As the tram enters the third automatic section 


It renders the second dead, but “ clears ” it, 
and the fact of clearing the second section 
automatically renders the first section alive 
again. 

APPLTflNG THE BRAKES 
Then comes the really interesting feature of 
the run. From the third automatic section the 
tram passes on to the braking section As this 
IS dead, the brakes are applied, and as it has an 
up gradient of one in twenty the train is quickly 
brought to a standstill This halt outside the 
station is to ensure that there shall be a vacant 
betth in the station before the train enters 
Before it can be started again a “ receive ” 
lever must be pulled in the station Provided 
this has been done, the train is automatically 
started by a camshaft device a few seconds 
alter it has been stopped, and runs .slowly into 
an empty Ixiih As this berth section is also 
dead, the tram is again brought to a standstill 
The G.P O trains tiavcl at an average speed 
of seventeen miles an hour, with a normal speed 
on level sections ol thirty-tvso miles an hour 
They can accelerate on starting at 2 75 miles 
per second, while the brakes give a retardation 
of 1 8 miles a second 

It would be impossible, unless one devoted 
an entire volume to the sub|ect, to give anything 
like a lull description of the lapid development 
of electrified railways throughout the world 
A lew examples must suffice 

WHEN SWITZERLAND HESITATED 

Some countries, by reason ol abundant water 
power, are peculiarly adapted for the introduc- 
tion of electnhed railways Obvious examples m 
Europe are Switzerland, Norway and Sweden 
For a time Switzerland hesitated between 
Dicsel-power and electric traction, but in 1923 
It was decided completely to clcctiify the Swiss 
Federal Railways Within twelve years nearly 
three-quarters of the system had been converted 
Hydro-electric power, or la houille blanche 
(white coal) as the Swiss call it, was obtained 
from two large hydro-electric generating plants 
with a combined output of 300,000 h p One 
was situated on the St Gotthard line, the other 
beneath the famous massif known as the Dent 
du Midi. 

Mountain railways worked by electricity have 
lieen known in Switzerland for over half a 
century. An early example is the railway from 
Lucerne to the summit of Mount Pilatus. 
Begun m 1886 and completed two years later. 
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TRACK-LAYING IN THE EGYPTIAN DESERT 
Most of the work entailed in the extension of the roilwav acto',t the western deseit of Egvpt from fuka, the 
old terminus, to Mersu-Matruh, forty-five miles farther on, was earned our hi natives 


It was designed for steam haulage and was 
actually the fust mountain railway to use super- 
heated steam, yet at the end ol the fust season 
It was decided to change to hydi o-electi ic power 
Coaches seating lot ty passi ngers are used 
Each IS driven hy a pan ol elect! ic motors with 
a combined output ol 210 h p home idea of 
the task can be gleaned from the lact that the 
easiest gradient on this railway is one in five, 
while the average is one in 2 8 In five thousand 
and foitv-nine yards a train climbs live 
thousand three hundred and forty-lour lect. 

FIGHTING THE SNOW MENACE 
A most Intel esting example of electrification 
in Sweden is that of the lailway between Lulea 
on the Gull of Bothnia to Narvik on the Atlantic 
coast This railway, begun in 1887 by British 
engineers, extends more than one hundred 
miles north of the Arctic Circle and crosses the 
mountains at a height of two thousand feet. 

The main problem was snow' To protect the 
entrances to tunnels enormous snow sheds were 
built, but drifting snow on the line caused 
endless trouble In the days of steam three 
locomotives used to be coupled together, the 
first pushing in front ol it a prow-shaped snow 
plough. 


Even so, in 1904 a plough was thrown right 
oil the tiack Alter this roiaiv ploughs were 
used, the Swedisli State Railways being 
Hindi iiialh the fust ivei to applv ekcuicity 
to snow plougiis 

MACHINERY UELOVV GROL'ND 

The line was clei tidied between 1914 and 
1923 As piolettion against the bittei climate, 
the machinery at the powei station at Porju.s 
was installed in a hall one hundied and sixty 
feet below ginund level 

As IS related in the chapter on “ Pieu'ing 
the Mountains,” billei w'eathn added veiy 
considerably to the ddhculties ol the engineers 
who built the iainous Olira funnel in New 
Zealand, the longest railway tunnel in the 
British Empire 

As this tunnel, which is miles long, was 
designed with a continuous gradient of one in 
thirty-three, electric haulage was the only 
system seriously considered It was also neces- 
sary to pay very special attention to braking, 
and locomotives are equipped w'lth four brakes — 
a rheostatic brake, a Weslinghouse automatic 
air brake, a Westinghousc straight air brake, 
and a hand brake 

The rheostatic brake renders the locomotive 



156 


SPEEDING UP THE RAILWAYS 


independent of the voltage. Large resistances 
are provided to dissipate the energy returned 
from the motors, and the amount of brake 
resistance in circmt is adjusted by contactors 
which limit the speed on the down gradient to 
twenty-six miles an hour when two locomotives 
are holding back a tram of two hundred tons 
The success of the Otira line led to the 
electrification in 1929 of the Christchurch- 
Littleton Railway This line, the first to be 
constructed in New Zealand, by this transfer 
became the first electrified suburban railway 
in the Dominion. 

ONLY ONE MINOR FAILURE 
The results of the electrification, a matter of 
great interest to large numbers of people, were 
in one respect truly remarkable. Between 
February 14, 1929, and the end of June ol the 
same year there was only one minor failure in 
the sub-station, and one or two minor troubles 
on the locomotives This corresponded to one 
minute’s delay (or every five hundred and eighty 
miles run, a most satisfactory state of affairs on 
a newly opened railway. 

In South Africa the exceptionally difficult 
fine between Capetown and Simonstown was 
electrified in 1927-1928 This line runs for 
seven miles within a few feet of the sea along 
the shore of False Bay, where the trains are 
exposed to a strong prevailing wind which hurls 
sand and spray on to the track. 


Electrification decreased the time taken on 
the complete run by seventeen minutes, the 
run of some 22 i miles being accomplished in 
sixty-two minutes instead of seventy-nine The 
all-in average speed, of twenty-two miles an 
hour includes stops at stations, of which there 
arc about one every mile. 

TRAINS WEIGHING nVE THOUSAND TONS 

Mention has been made previously of the 
enormously heavy freight trains which are usual 
in North America On the harbour lines at 
Montreal, which were completely electrified in 
1 925, are to be found the most powerful four-axle 
freight locomotives in the world. 

With a supply of two thousand four hundred 
volts direct current, each of these locomotives 
is equipped with four single-reduction twin- 
geared motors, one for each axle Each motor 
is capable of giving 430 h p at the one-hour 
rating Altogether, they give the locomotive a 
tractive effort of seventy thousand pounds 

I'rains weighing over five thousand tons have 
been hauled single-handed by one of these 
locomotives, each of which is capable, li need 
be, of hauling a great deal moic than this 
weight 

Electrification has been carried out to some 
extent in India T'he fust move in this diiection 
was the electrification in 1925-1928 of the 
Bombav suburban lines ol the Gicat Indian 
Peninsula Railway. 



INDIAN ELECTRIC PASSENGER LOCOMOTIVE 
A locomotive in use on the Great Indian Peninsula Railway. Built by a British firm, it has six motors with 
a horse-power of two thousand one hundred and sixty and a maximum speed of eighty-five miles per hour. 
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ARDUOUS WORK ON THE BFRNINA RAILWAY IN WINTER 
The Bernina Railway joins Switzerland and lialv It teaches an altitude oj seven thousand four hundred feet 
and has, in parts, a gradient of one mjourteen. Snow ploughs luive to be used throughout the winter 


As IS common in India, the track gauge on 
the G I P Railway is five led six niches I his 
mvolv'-s the coristi uction ol ver> laige rolling 
slock On this pauicular section a tram con- 
sisting ol two moloi and six passenger coaches 
weighed no liss than lour hundred and eighteen 
tons Powcrlul inotois wcie tlicrelorc rctjuired. 
Each motor roach w.is equipped with lour 
300 h p direct-cui 1 ent inotois connected in 
pairs in senes lor working on one thousand five 
bundled volts. 

THWARTING MONSOON RAINS 

One peculiar difficulty had to be overcome 
in the construction ol the locomotives. Owing 
to the heavy monsoon rains the line is liable to 
be periodically flooded at several points This 
flcwding used to hold up steam-hauled traffic by 
putting out the fires in the locomotives. The 
fitting of special air valves to the motors of the 
electric locomotives overcame this difficulty. 


One of the most progressive counlues in the 
W'orld as regaids electrification is Japan In 
1922 the Japanese Goveinment Railway 
administration began to clectrifv pait of the 
main line between Tokyo and Kobe on the 
Tokaido Railway 

WRECKED BY EARTHQUAKE 

The work sulfered a serious setback from the 
teinble earthquake of 1923, the pait which 
was being electrilied crossing an area that was 
severely devastated, and it was not until 1924 
that operations could be resumed Nevertheless, 
the first section was completed in 1925 and 
further sections in 1927 and 1928. 

A considerable portion of the Chuo (Central) 
Railway has also been electi ified This line, 
which like the Tokaido Railway starts from 
7'okyo, presented consideiablc difficulty, for in 
the first eighty-thrcc miles electrified there are 
lorty-two tunnels 
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The express passenger locomotives on these 
lines are capable of hauling a four hundred and 
twenty ton tram at sixty miles an hour on the 
level. Each is fitted with six 305 h.p. motors 
and has a tractive effort of fifteen thousand 
three hundred pounds. 

What will the railways of the world be like 
in fifty years’ time^ It is an interesting specula- 
tion Will steam, Diesel power or electricity 



PIONEER PA.SSENGER TUBE 
The Tower Subway, once used as a tramway operated 
by cable, is now a ptpeline for water mains 


emerge victorious trom the present struggle lor 
possession of railway haulage^ Or will each 
form of traction find its appropriate place in a 
combined scheme’ Or again — no impossible 
conjecture — viill some entirely novel method of 
propulsion arise to oust all three ? 

One interesting experiment with steam has so 
far not been developed to any great extent in 
Britain, but is receiving considerable attention 
in other countries. This is the use of turbo- 
motive power. 

The L M.S has one turbomotive. No. 6202, 
which may frequently be seen hauling the 
Mer^eytide Express and other fast trains. It takes 


Its turn along with express locomotives of the 
“Pacific” type, and is capable of up to ninety 
miles an hour. On one occasion it hauled a 
three hundred and forty-five ton tram 152.7 
miles between Crei^e and Willesden in one 
hundred and thirty-one minutes, a sustained 
average speed ol 69 9 miles an hour. 

TURBINE LOCOMOTIVES IN SWEDEN 

A Swedish engineer, Ljungstrom by name, 
has done pei haps more than any man in recent 
years to develop the lurbomotive railway engine 
His most startling innovation has been to do 
away vsith the condenser hitherto considered 
an essential leature of such locomotives His 
fiist engine ol the non-condensing type vvas 
placed in service on the Grangesberg-Oxelosund 
Railway in Sweden in 1933, and today his 
turbine engines are regularly employed on this 
line to haul heavy mineral trains 

Among developments which may materially 
alter the luture of land transport must be 
mentioned the railplane or overhead railcai 
Recently, Mr George Bennie, the Scotsman 
who originated the railplane at Milngavie, iieai 
Glasgow, suggested linking the City of London 
with Its airports by railplane 

He claimed that on their overhead track his 
cars, which with then propellers resemble 
airships, would tiavel at one hundred and 
twenty miles an houi, thus bringing the airports 
within SIX minutes ol Cential London 

THE “ CANNONBALL EXPRESS ” 

From Switzerland comes news that Piofessor 
Kurt Wiesmger, of Zurich University, has 
constructed models of a lailcar claimed to be 
accident-proof and capable of a speed of two 
hundred and thirty miles an hour 

The wheels ol this car and the rails on which 
It travels are inclined inwards at an angle of 
about thirty degrees, thus making it virtually 
impossible for the tram to jump the track and 
also, by allowing very steep banking of curves, 
gives much higher speeds on winding routes 
On a nine hundred feet track the model 
railcar has done seventy miles an hour, the 
equivalent, it is claimed, of more than three 
times that speed with a full-sized vehicle. 

An even more novel invention is reported 
from America The Cannonball Express runs on 
metal spheres which fit into a grooved track. 

These spheres, or “ cannonballs,” contain 
electnc magnets, to which power is supplied 
through a hollow axle from overhead wires. 



MAGNIFICENT SWEEP OF SYDNEY HARBOUR BRIDGE 
The total length is three thousand seven hundred and fifty feet, the length of the span is one thousand six 
hundt ed and fijty feet and the top of the arch is four hundred and thii ’ v-seven feet above water 


BRIDGING THE GAPS 


F rom a genoral survey of the bridge- 
bujlding feats of the past fiftv or sixty 
veais some iiiUTcsting facts iiumediatcly 
emerge In the first place we note that the Foith 
Bridge, begun so long ago as 1882, was still in 
the late twenties of the picsent century regarded 
as the most iinpiessive slnuture of its kind 
This is very remarkable when we reflect on the 
tremendous strides made in other branches of 
engineering during tlie same period While it 
would not be true to say that the art of bridge- 
building had remained stationary for ovci forty 
years, it would be fair to remaik that it had 
made no spectacular advances 

During that period great bridges had been 
erected There were, foi instance, the cantilever 
structure at Quebec, completed in 1917, the 
Hell Gate, at New Yoik, completed in 1915, 
and the Bear Mountain Bridge in New York 
State, to mention only the more famous But 
none of these was big enough to eclipse the 
Scottish structure, with us fifty-one thousand 
tons of steel and over six million rivets. 

The second interesting point is that the last 
half of the third decade of the present century 
saw the beginmngs of a tremendous “ boom ” 
in bndge-building which even the world-wide 
financial depression of 1930-31 could not stop 


and V Inch is still going on Thirdly, there are 
moie than five thousand bridges ovei iiasigable 
aateis in the United States, and the gieatest 
o( these, which weie erected duiingthf “ boom ” 
period, make the most spectarulav sliuctures 
in other countiies look small They span the 
waterways of America’s two foremost ports, 
New York and San Francisco 

San Francisco Bay is a land-locked harbour 
on the Paeific coast ol the United States It 
has a length ol over fifty miles, and on its 
shoies are the ripidly-expanding towns of 
San Francisco, Oakland, Berkeley and Alameda. 
The fiist of these has a population ol about 
seven hundred thousand and ranks as the 
second seapoit of Amciica It is beautifully 
situated to the south of the Golden Gate, the 
opening thiough which the waters of the 
mighty Pacific flow m and out of the haibour 
West ol it IS the ocean, east of it the Bay, so that 
it can be approached by land only on its 
southern side. 

So long ago as the I880’s the proposal was 
put forward that a system of bridges should be 
elected to connect the city with Mann County 
on the north of the Golden Gate and Oakland 
on the east of San Francisco Bay The extreme 
desirability of such a system was obvious, but 
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the engineering experts were unanimously of 
the opinion that it would be impossible of 
achievement. 

The difficulty of bridging the Bay between 
San Francisco and Oakland, though very great, 
was small in comparison with that of bridging 
the Golden Gate. 

The latter has a width in its narrowest section 
of slightly more than a mile, and here the 
fairu’ay has in parts a depth of nearly three 



ACROSS THE GOLDEN GATE 
Thousands of pedestrians strolling along the deck of 
Golden Gate Bridge on opening day. 


hundred and eighty feet. Moreover, the opening 
is exposed to the full fury of ocean storms, and 
even under favourable conditions the tide is 
rarely slack. Water coming in from the sea has 
a normal velocity at^ood time of approximately 
five knots, while the ebb tide travels even 
faster. 

The difficulties of erecting piers under such 
conditions are many Indeed so various and so 
lormidable were the obstacles in the way of the 
successful completion of this project that even 
after it had been appioved by the United 
States War Department, the final authority in 
such matters, more than one expert still main- 
tained that It was doomed to failure. 

BEGUN DURING A DEPRESSION 

The San Francisco-Oakland structure is not 
in any of its parts oi the same dimensions as the 
Golden Gate Bridge, hut its total length is four 
times as great as the latlet’s, and its election 
called for the cxcicise of technical skill of a very 
high Older. It can he said without qualification 
that not only are these two stiuelures hv fai 
the most wonderful of then kind but that they 
are likely long to remain so It speaks volumes 
for the courage of the Anieiic.m people that 
they were both begun in the depths of the uoist 
industiial dcptession the tountry had ever 
known 

The engineer to whom tht Golden Gate 
Bridge mainlv owes its existente is Mi Joseph 
B Strauss, who in 1019, having coini to the 
conclusion that engineering knowledge had 
sufficiently advanced to make its eictUon a 
reasonable proposition, put foiwaid concicte 
proposals to the authorities The Cahtornian 
Legislature appioved of his stheme, and m 
December 1 9114, it rcci ived the sanction of the 
United States War Department 

TO BRIDGE OR NOT TO BRIDGE? 

An undertaking such as this, rightly calculated 
to revolutionize the transport arrangements 
not only of San Francisco City but also of a 
large area of the state, was bound to conflict 
with the interests of ceitain sections of the 
community These parties were so determined 
that the bridge should not come into being that 
they invoked the powers of the Supreme Court 
of the United States, and it was not until after 
costly litigation that the contractors received 
permission, in March, 1930, to proceed with 
the work. 

The design finally approved provided for a 
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EIGHT-MILr. HRIDGE UNKING SAN FRANCISCO WITH O-SKLAND 
In ihc foiegioniid n San Fiatnisco. in the middle oj the Hue, Yet ha Ihienn hhind, tn the background Oakland 
Ihc total length oJ the (iinipoule stitictine. tmludmg opi>ioache<-. ts about eight and a qmiitei miles 


Mispciision-t) pr stnicimi wuh a rlcai span o! 
loui thousand two liuiulifd ket the lonitcsi 
sinule s|jan in the woild and tw(> appioae li 
spans ol eine tliousnnd one lii.iidii'd and Iwe ntv- 
hvf- l('(t, givinu .1 total sp ni-h ni>tli 'il sis. 
thousand lour hunditd and lilts t< ct, oi onn 
thousant! -,i\ hundied and nine tv led loiiftfi 
tlniii that ol the (ji’oige Washiiiftion Bnidi>c at 
New Yoik 

SEVEN MILES OF R04DWAY 

d lie- ( cntic ol the span w as to bo two bundled 
and Ivsenty loot above moan hntli waUi, and 
till- total knath ol the loadway, nuludma 
a[)pioach(S, was to lie about seven miles The 
two cellular steel towers suppoitinit the suspen- 
sion cables were to be no less than seven hundied 
and loi tv-six feet hif^h, an unprecedented height 
lot such struetuieJ 

Both suspension tow'ers arc raised on huge 
concrete pieis, which rise loity-four feet above 
tlie wait r The not them oi Mann Countv pier 
at Lime Point rests upon rock only a shoit dis- 
tance liom the shore and a lew lect below' w'ater, 
so that ncithei the excavations lor it nor its 
actual eoiisti uction involved any unusual 

M M — -1 


op< rations The iiasi ol this pit i nio.isuifs 
eights leet bv one hundred and sis’lv leel It 
wasbiiih 111 icoHci-el.im (a K injiorai \ stmtrutc 
to keep out the watei i and is raadt up ol twentv- 
loiii thousand cubic \ nds ol n mloited coiiciije, 
wdghing about filtv thousand tons 

I h< south, Ol San 1 i aneisi o, piei , on the other 
hand, weighs no less than one hundred and 
tliii tv thfiusand tons It is one thousand one 
hundied and lweiit\-h\e leel ollshorp at a point 
when I Ik watti is about sixts lect deep Its 
loundations are keyed in loek about twenty-five 
feet below the llooi ol the t hannel 

NO FLOATING EQUIPMENT 

It txeupies a veiy exposed position, and it 
was louiid imjiossible to use floating equipment 
loi Its (onstruetion, so an access nestle over 
which weic conveyed all the necessary materials 
horn the land was set up ioi a distance of one 
thousand one hundred feet from Fort Point 
Electing the suppoits lor this trestle m deep, 
sw'iltly moving water was no easy job They 
wiere driven into holes blasted by bombs in 
bedrock, scores of leet undei the waves 

Eight months altci its i ornpletion in March 
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GOLDEN GATE BRIDGE 
The fender wall foi the south pier of the Golden Gale 
Bridge, San Framisco 


1933 a ship ran into the trestle during a fog and 
smashed three hundred feet of it Hardly had 
It been repaired when a leiTiblc storm arose 
and wrecked another eight hundred leet 
During the rebuilding of the trestle the deck, 
which had formerly had a clearance ol twenty 
feet, was raised five feet. 

These disasters caused so much delay that 
the pouring of the concrete into the first section 


of the great fender which surrounds the pier 
did not begin until the end of March, 1934, 
although the excavation of the site had been 
completed in October ol the previous year. 

The excavation \ssas cai ried to a general level 
of about one hundred feet below low water, and 
altogethei sixty thousand cubic yards of rock 
were blasted and removed from the site. 

BLASTING THE ROCK 

The blasting ol the lock was accomplished 
in the lolloping manner It was fiist pounded 
with a steel point capable ol producing a hole 
two leet wide and large enough to receive a 
small bomb. The detonation ol filteen small 
bombs usually made a hole about eighleen leet 
deep, in which was placed a large bomb carrying 
two hundred pounds of dvnamilc Each of the 
large bombs had a length of twenty feet and ,i 
diameter of eight inches About six of these 
would be exploded simultaneouslv, and then 
a floating deirick would stait to clear away the 
debris 

This del rick w.is a remarkable vessel, being 
ecjuipped so as to be able to hold her st.ition 
lor days .it a time without leieiviHL' siijiphes 
from the shoic Rect.ingular m shape, she 
measured one hundred .mil loity feet l>v 
two leet, and was piotidtd with a loui-yaid 
tl.im-shcll Imekit lor clcMung away the bl.tsled 
lock. 

SWEPT AWAY BY THE TIDE 

The method ol dispo.s.il ol tht rock was simple 
It was iiiuely lillid to the suilace .md then 
dropped bark into liie watei as lai out in the 
ehannel as the length of the dredging boom 
would allow', the while the deiiiek leniained 
slation.uy The lock did not sink where it 
w.ts dioppcrl • so strong W'as the tide that it 
would sweep the tuck some considewible distant (' 
bcloie It ranie to rest on the bottom It was not 
unusual lor tin di edging biukcl to be foieed 
thiity leet out ol the perpendicular by the ebb 
tide 

The fender mentioned above as surrounding 
the pier is made up ol twenty-two associate 
sections, containing seventy-six thousand cubic 
yards of concrete Elliptical in shape, it has 
an overall length of two hundred and ninety- 
nine feet and is one hundred and fifty-five feet 
wide. 

It was not built up equally on all sides in its 
eastern wall was left a large gap, through which 
was floated the giant pneumatic caisson that 
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was to reach a rock-scating for the pier The 
fender thus formed a sheltered basin wherein 
it was hoped that the caisson might be sunk 
with little difficulty 

The caisson, one of the largest ever con- 
structed, measured one hundred and eighty leet 
by ninety leet, drew twenty-eight feet oi water 
and had a displacement of twelve thousand tons 
It was floated within the slii Itenng arms of the 
fender on October 8, 1934 On the very next 
morning a storm arose and, tossing the caisson 
lifiin side to side, smashed some of its mooring 
ropes and threatened to dcstrov the fender 

C AISSON THAT BROKE ADRIFT 

It would have taken much time to close the 
gap in the lender, so it was decided to withdraw 
the c.usson before serious damage v\as done 
Shortly alter it had lieen floated out, it broke 
awav lioni its tugs rind, running wild, beranie 
a danger to shipping The caisson was then 
tow'f'd out to sea and destroyed with dvnaniite 

The engineers determined to do without <i 
c.usson, and mstc.id to diain the iritcnoi ol 
the fendci .incl use it >ts a coffer-dam, where in 
the jnei could he creeled in the dry '1 he g.ip 
111 the (eiidei w.is iherelote closed up, its w.ills 
were laiscd to a height ol lilteeii leet abovi the 



REINFORCED CONCRETE ANCHORAGE 
On this the mam spans of the west crossing of the 
San Francisco-Oakland Bridge meet. 



Writer, and the concrete mat on its floor was 
veiv e'emsitlerably thickened 
'I he diauiing of the fendei was completed 
hv the beginning of December, 1934, and by 
the Irast dav ol that yeai the pier had reached 
the prescribed height of lortv-lour feet above 
low water, the opeiations foi the pouring of the 
concrete h.iving been carried oui at the .imazing 
rate of one fuindrcd cubic yards an hour The 
pier and its ein eloping fender then contained 
a total eit one huncin d and fortv-six thousand 
tons of reinforcing steel 

CAST-STEEL SLABS 

On the completion of the construction of the 
pier It was nceessary to grind its top surface 
de-ad level preparatoiv to the placing of the cast- 
steel slabs that form the base members of the 
mighty towers There arc thirty-eight of these 
slabs, each weighing five tons 

The two towers are almost exactly similar 
except in small details That on the north side 
had been completed months before work on the 
southern one started on Febiuary 1, 1935 For 
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SAFETY NETS FOR WORKERS 

Suspended from the deck of the uncompleted Golden 
Cate Bridge are the sajety nets which saved mans lues 


completing the latter by the end ol the following 
June, instead of by September 1, the scheduled 
time, the contractor was awarded a bonus ol 
ninety tliousand dollars 8,000) 

Each tower consists ol two columns made up 
of ninety-seven lectangular cells The number 
of cells IS I educed at successive levels, thus 
giving the columns a gracelul tapeicd appc ar- 
an(< T he hast of each column measuies thirty- 
two leet bv fiftv-tlnee leet, while the bases ol 
each complete tower h.ue a spread of one 
hundic'd and twent\-two ket 

HEATED BY FRICTION 

•Some ol the members used weighed eighty- 
fne tons, and the total weight ol stei I emplosed 
loi both towers amounted lo loitv-hvi thousand 
Ions, moie than the total lor the whole sliuctuic 
ol the Quebec Budge 

Th( one million two hiiridted thousand nvcts 
for assembling the toweis wtie hc.iled at 
stiati gu .ilK placed loiges and t onvi vtd tin ough 
lle\ible pneumatic lubes 1 he\ olteii rt.iehid 
till 11 destin.ition hottei than wlitti they set out, 
owing lo lijction 

Aftei the (oin|)letion of the sonlhein tower 
the woik ol placing the two main cables lioin 
which the d< t k is suspinckd w.is begun 
1 ogi thei these conlain i ightv thousand inilfs 
ol will, wiighmg oMi tso nt\ thousand tons 
hai h IS made up ol sims-oik stiands (ontanuiig 
lw('nt\-s( \ ( n thousand live hundied .ind 
se\('ntv-lwo wans 

11k coniiaii loi tht liMiig ol ilie e.iblcs was 
aw.iickd to the eiigineeis who had su|)|>ln d 
those lor thi (rioige Washington Bndgi In 
thin woikoii llu N( w Voik sti iictui e the\ had 
Ic .mil rn,m\ s.iluabk Ic-ssons whuli ihev wtri 
not slow to .i]>plv lo the pioblems which lared 
them at the Golden Ciate 

CABLES OF MANY WIRES 

It had puviouslv been thi piactici to make 
all the cable-strands loi budges ol this tvpe 
ol the same si/e, but those ol the Golden Gate 
Bridge differ in si/i .iccoiding to their positions 
in the cables J he iiumbei ol wiies m each 
strand ranges Irom two hundred and hlty-si\ 
to lour hundred and seventy-two These wires 
are e.ich 0 l')G in m diameter 

The methods adopted in placing the strands 
in position also represented a revolutionary 
departure from accepted practice So successful 
were these methods that whereas it had only 
been found possible to string sixty-onc tons ol 
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SPANNINC. THE MIGHTY ST lAWkEN''! AT QUEBEC 
Allhoiii^h iomplcled low imo (n 1917 llw Qiieha BnJue iw. boast the lc»if;ni caiilikscr span 
This IS one llioiisanci eight hunched feet that at the Fo,lh siincline is ninelv feet ihorlei 


Miir DTI cablo 111 tlic rourst* ol a cl.iy’b woik on 
ih<‘ (icDitfi \\ .istiiUHton iwo hundud 

ami sc'.ditv-Dm tons x'.crc sliutii' in tin. baii'a 
pctiod at ih( (ii)ldi.ii Gati 
As ilu WDikoiitlu laiiii stiLK lull- [itD( ( ( (led, 
th(' (iinimtis oonirucd ID plate tutnis-lnui 
wilts siniiihaiic()usl\' in a i.ihli iiisi< ad ol tin 
iisu il 1(1111 'I he spiiiiiiin’ III ihi Vitbs ol sti 1 1 

In L;aii on Novtmliii 11, 1915, md lan;i l> 
(mill,; to lilt iinpioM’d ti ( hiii (| lk adopt* d, was 
liiiislu'd lw(iits-si,\ days ahead ol schedule, on 
Mas 'id, 193(1 

1 Ir deck, ninety leet wide', h.as accoinnioda- 
lioii lor si\ lams ol niotoi liaflic without undue 
cniw'dint;, and there arc two ten-foot sidcsvalks 
sailed to pcdestiiaiis 

SHOULD EARTHQUAKES COME 
The enp;tneers, by whose ingenuity, skill and 
( ourage this mighty mass of steel has been flung 
aeioss a mile-long stietch of storm-sw’ept water, 
took no chances about the safety of the budge 
1 he cables aie capable of upholding a load two 
and a half times as gie.at as they will ever be 
called upon to bear, and a wind blowing with 
a foire ol thirty pounds per squat e loot will not 
harm the stiuctuie 

1 he State of San Francisco is unfortunately 
liable to sullei irom earthquakes, and in 190b 


till iit\ was disastalid by a dislnibance ol 
unusual lone 'riicit is no reason to supjiose 
lli.it sitih a i.,ilainit\ might not ig uii belall San 
li.iiuiseo duiiiig tin llletiine -estimated at 
about si\l\ yrais -ol its two gieit budges, but 
the e\[)<its ail coiiMiictd that vveie this to 
liappin, die stun dues would remain uii- 
damagi (1 No gieattr tiibuu could be paid 
to till < ngineets 

SAFETY NET THAT BROKE 
t)nlv one si nous at ndint in.uied the work 
ol constiurtioii, but it was a teiiibli oni It 
otf lined 111 1 1 bi uai \ , 19f7, iboiit two months 
beloif the biidgi was completi d 'fwelve men 
were standing on a platloim one hundred and 
Iwents le.et abo\i the watei when it eollapsed 
and thiew its hum.iri but den headlong into the 
salety ml This btnke undei the sudden impact 
and the nit n fell into the wan r Motor launches 
uiiinediately dashed to the lestue, but only 
three men weie lesemd, the other nine being 
swept to death by the strong current before a 
boat could leaeli them 

San Fiancisto’s otin i giant budge, that 
spanning the 4i miles of deep water that 
separate the city lioiii Oakland on the east 
side' of the bay, w.as stalled ,iboul the same time 
as the Golden Gate structuie Actual building 
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was begun in July, 1933, and all was ready 
for the opening to the public on November 12, 
1936. The cost was something like eighty 
milhon dollars 16,000,000). 

To call the structure simply a bridge is not 
strictly accurate, since it is in reality a system of 
bridges It is divided into two distinct sections 
by Yerba Buena Island, standing in the channel 
between San Fiancisco and Oakland 

IMMENSE CENTRAL ANCHORAGE 
The first section, that between San Francisco 
and the island, known as the West Ciosstng, 
consists oi two main suspension bi idges joined 
together on an immense central anchorage The 
section between the island and Oakland, the 
F.ast Crossing, consists of a cantilever bridge, a 
number ol girdei spans, and finally a mole , the 
length of the whole being nineteen thousand 
four hundred feet The total length of the 
bridge structure, including approaches, is about 
8| miles, of which twenty-three thousand feet 
are over water 

The double deck is of colossal dimensions, 
the upper pait accommodating six lines of 
motor traffic and the lower three lines of Ionics 
and two lines of intei-urhan olectiic tars Its 
estimated annual cap.iriiv is fifty million tiaiii 
passengers, twenty-four million ordiriarv motoi 
cars and six milhon commcicial vehicles 
'Fhe two mam suspension spans of the West 
Crossing each measuie two thousand thice 
bundled and ten feet, and there arc in addition 
four side spans of one thousand one huiidied 
and sixty feel each The most interesting 
feature of this crossing is the cential aiiehoi.ige 
at which the mam spans inei't It is built ol 
reinforced concrete, uses three hundred feet 
above high water and is founded on rock two 
hundred and eighteen feet below the surface 

LINED WITH CONCRETE AND STEEL 
The roadway across ^'erba Buena Island 
measures thiee thousand five hundred and 
eighty-five feet, of which five hundred and forty 
feet pass through a tunnel seventy-six feet wide 
and fifty-eight feet high The driving of it 
entailed the excavation of seventy-five thousand 
one hundred and seventy-five cubic yards of 
rock and earth, and it is lined with seventeen 
thousand seven hundred and twelve cubic 
yards of concrete and one million lour hundred 
and fifty thousand pounds of steel. 

The cantilever bridge immediately east of the 
island has a central span of one thousand four 


hundred feet and two side spans of five hundred 
and twelve feet, which afford a maximum 
clearance for ships of one hundred and eighty- 
five feet at high water. 

Adjacent to thisc are five spans having an 
average length of five hundred and seven feet, 
added to which are no less than fourteen further 
spans ol two hundred and ninety-one feet each 
Then comes the mile-long mole, in the con- 
struction ol which one million five bundled 
thousand cubic yaids of excavated sand were 
used At the ])oiiit w'here the last span joins 
the mole, the lower deck oi the budge folks .it 
each side, and the upper deck giadually slopes 
downwards between the two forks, by means of 
short girdei spans, until it reaches ground level. 

FIXED IN ROCK 

In the West Crossing there aie seven piers, of 
which two weie built on orthodox lines within 
roffei-dams A third, that at the ^'eiba Buena 
Island end, is aliovc watci and coiis('()uciitly 
presented no diflieullv in ronstinciioii But the 
louiidaiions of the oihei loui had to be hxed in 
deeplv sulnnergi'd rock, and in the i allying out 
of this woik caissons ol rev'oluticm.iry design 
vvcie utili7ed J lie\ wiie ol what has since 
Iiccome known .is the (oinpicssed-ait -flotation 
type 

They enabled (he eiigiiiefis to clear awav the 
mud, sand .iiid giavtl wiih wtnrli Ixcliock vvas 
overlaid .it the loin pin sites, and tlien they 
lluruseKcs her, Tine the luuruwoik into which 
the roiuiete lot the lowest layeis ol the piei 
structure was pouied. 

BUILT IN A SHIPYARD 

Each was built in a shipyard and aftciwaids 
towed out into the rhaiincl to be moou’d over 
Its piei site Ihcte the caisson was gradually 
sunk until it was about five leet above the sur- 
face of the wat(*r Then its ije.Tclweigbt was 
inci cased very suddenly so that it struck the 
bottom vvith such force that its sh.vrply pointed 
undet-edge penetrated tlie mud to a depth of 
six feet Each caisson was fitted with di edging 
wells, fifteen feet m diametei, through which 
the mud was drawn off. The number of 
dredging wells ranged from twenty-one in the 
smallest caisson to fifty-five m the largest. 

As the mud was withdrawn the caisson 
gradually sank until it reached bedrock, and 
then concrete began to be poured in to form 
the bed of the foundations of the pier. 

The caisson for the great central pier measured 
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TERMS USED BY CIVIL ENGINEERS PICTORIALLY EXPLAINED 
The age of great hrtdges dawned when rein/oiced comiete and the Besiemer-'^teel wire-rope became available 
Reinforced conciete caissons made possible the construction of mighty piers and steel wiie-iope ivoi used 
in the manufacture of massive cables supporting decks of piodigious length. 





168 


BRIDGING THE GAPS 


ninety-two feet by one hundred and ninety- 
seven feet, and weighed six thousand tons when 
It left the shipyard It took several weeks to 
work Its way down to bedrock, which was in 
one part over two hundred and twenty-tw'O feet 
below the surface of the water Afiout one 
hundred and sixty thousand cubic yards of 
concrete ssere used to build the pier, 

WALLS FOURTEEN FEET THICK 
From the top of the caisson upward this pier 
is hollow, with walls fourteen feet thick at the 
base The hollow’ part is divided into two liy a 
wall of concrete which extends to the top of the 
pier The anchoiagc pins of the two side spans 
are tied to this pur, and the suspension cafifes 
are secured to it by two hundred and eighty tons 
of nickel steel anehor plates 

All the pieis of the West Crossing rise forty 
feet above the watci, and are cncucled by 
lenders extending tvientv leet above watei and 
six feet under it. The puipost ol these feiuleis is 
not, as might be supposed, to protect the pieis 
from being datn.tgtd b\ shipping, but vic< 


versa • Any vessel colliding with one ol them 
would probably be badly battered in an 
unequal trial of strength 
Ol the East Crossing piers only two are seated 
on rock The other seventeen are supported on 
foundations ol timbci piles, and were con- 
structed with coffci-dams ol a novel type The 
walls ol these coffer-dams were so caiefnilv built 
th at the aveiage leakage of water in the whole 
seventeen did not c.xcetd live hundred gallons a 
minute. 

PIERS COMPOSED OF CELLS 
Alioul three bundled piles, diiven ^ixty-five 
feet bidow the excavate’d sites, weie used lot 
each pier The tops ol the piles aie eeivired 
with five leet ol giavel anel sixteen to eigliteen 
leet ofconerete, on top ol whieh again come the 
pieis propel T hr pieis ate not solid abovi 
(hen liases, hut ate eomposed ol cells 
T he laigest ol the Last ( '.tossing pn rs, mcasia- 
ing 79J leet bv 1 3T fiii .uitl wuh found, ilions 
two hundred and foilv-two leet deep, was butli 
by means of a lalse-bottom e atsso i 



CABLE COMPACTORS ON THE MAIN SPAN OF GEORGE WASHINGTON BRIDGE 
This bridge spans the Hudson River between Washington Heights and Tenafly The thin steel wues that 
go to make up its cables were strung at the rate of sixly-one tons a day. 
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IWENIY-llVt MILIS OI BklD(iEi> IN ONI SYSTEM 
The T iboiough wslem of budget is ihc most imptessnc m New Yoik It hai a total length oj twentv-hve 
miles, and it lost about twelve million pounds to constiiict 


Ot ihc Ibui West Cioisint; susjM nsioii ty%\cis, U in size being thost of the FirVh ol I'nitli and 
till tvuj outci ones have an elevation ot loui (Quebec Biidgei 

hundred .iiid sevi III) -lour feel abovi low vvatei, Uiiroilunately, lew, it anv, of the gu atesl 
and lilt two inti I nil diate ones ai ( fivi hiindicd bridgis have been t iiistiuclid without loss ol 

and nmi teen ft i t high Du flexibility of these life and limb All piogiess is |)tui based at a 

towns may be a|)pieciated when it is stated price About one thousand two hundred 

that tin lop ol oiu bends bl feel in a direction workmen weie in|ured and twentv-roui were 

paralli I to the dick undtr extreme load con- killed duiiiig the electing ol the San Fianciseo- 

ditions, but withal, they are stiong enough to Oakland Budge 

stand the pressure ol a wind with a velocity ol A sad toll, despite the fact that elahoiate 
ninety miles per houi From them are sus- salety i ules were diawn up beloie an ounce ol 

pended the 28 J-inch-diameter cables, each of rock was blasted ot a rivet diivcn home, and 

which contains seventeen thousand lour bundled any infringement ot the legulations entailed 

and sixty-four wires instant dismissal Among the devices used to 

The East Grossing cantilever span is the protect the men wcie helmets made of f'abiic 

largest of its type in the United States and the and bakehte, sli t l-i .ipjied shoes, and vests to 

thud laigest in the woild, the two that exceed keep them afloat if any dropped into the water. 

M M - -I * 
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Another factor that helped to keep down the 
numbei of accidents, whether to men or material, 
was the piovision of the piers, launches and 
tugs with two-way radio, so that communication 
could be instantly effected between the various 
scenes of operation 

GEORGE WASHINGTON BRIDGE 
New York has half a dozen remarkable 
budges, of whicli the greatest are the George 
Washington, over the Hudson River; the 
Tnboiough, which joins the three boroughs of 
Brom\, Manhattan and Queen’s across Hell Gate 
and adjacent waters, and the Bayonne, which 
spans the Kill van Kull Channel between Port 
Richmond, Staten Island, and Bayonne, New 
Jersey 

The George Washington Bridge is in many 
respects similar to the Golden Gale stiucture, 
and when it was completed in Octobei, 1931, 
It tanked as by lar the gieatest ot us kind It 
has a cleat span ol three thousand five hundred 
tcet, which was so much longer than any then 
existing that it was rightly spoken of as marking 
an entirely new eta in bridge tonsti uction 
The longest suspension span in the world up 
till 1931 was only half the length of thai ol the 
G(“oige Washington It is between Philadelphia 
and Camden, acioss the Dclawate River. 


The Port of New York Authority received 
authorization to undertake the construction of 
the George Washington in 1925 From first 
to last the sum oj fifty-seven rmlbon dollars 
(;(J1 5,400,000) was expended on it. 

The towel's which support the suspension 
cables are six hundred feet above water level 
and contain forty-three thousand tons of 
structural steel. From them arc suspended four 
cables, each three feet in diameter, totalling 
one bundled and five thousand miles ol wire 
These support a deck which is over one hundi ;d 
feet wide and affords a clear headway loi ships 
of two hundred and forty-eight ieet, Between 
anchorages the strut tine has a length of four 
thousand seven hundred and sixty feet. 

SPANNING SYDNEY HARBOUR 

Like the San I'rancisco Bay structui e, the 
Iriborough IS not mcicly a bridge but a system 
of budges Including approaches and high- 
ways It has a total length of twenty-five miles, 
in which there arc four distinct bridges It was 
opened in July, 1936, having cost si,\ty tntllton 
dollars (/'1 2,000,000). 

The Bayonne Budge is similar in many 
respects to the one at Sydney, Austialia. Its 
one thousand six hundred and fiftv-lwo foot 
span is longci than Sydney’s by two feet. 



ATTACHING FOOT-BRIDGE SECTIONS OF GEORGE WASHINGTON BRIDGE 
Main-^pan footbridge sections being placed in position by means oj an erection cage on the north-span 
footbridge of the George Washington Bridge This structure took six years to build. 
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BUILDING A BRIDGF PIER IN A UIVINO BELL 
A pier for a budge over the Danube at Budap>’'t the (optlal of hfungan, being tointiuiled in a diving 
bell whhli had been lowcted to the pier site on the bed of the si i earn 


Sydnov ILu hour Bridge, opened e.ii Iv in 1012, 
IS nndoubtedlv the most nnpressise structure ol 
Its kind outside North Amcncd 

FIRST SUGGESTED IN 1815 
Its erection was first suggested in 1815, the 
year of Waterloo, by Francis Greenway, an 
architect appointed by Lachlan Macquaiic, 
Governor of New South Wales Grecnw'av was 
a man of genius, and his chief an administrator 
of energy and foresight, but the time was not 
yet ripe for the realization of so ambitious a 
pio|ect Though in the intervening period 
there were inanv who championed the idea, it 
was not until January, 1923, that tenders were 
invited for the erection of a bridge along the 
lines of a specification prepared by the chief 
engineer of the Public Works Department of 
the Government of New South Wales 
The cost was officially estimated at ^6,000,000, 
a sum so vast that only bridge-building 


companies with hugi* lesouices could hope to 
uin the contract 1 cndeiN loi such undertakings 
aie not easih picpared and it is said that some, 
firms spent as much as belore laying 

their proposals before the Government 

Two Lnghsh, two Auslialian, one Canadian 
and one American company eomyieted I'lieii 
projects, amounting to twciitv in all, included 
designs lor everv known type of Lirge-span 
bridge Messrs Dorman Long & Go , to whom 
the contract was awaided, pul forward no less 
than seven schemes covering three distinct 
types of structure 

MIGHTY STEEL ARCH 

The highest tender submitted by the Company 
was /^4, 551, 758, and the low'cst /,'3, 499,81 5 
That finally accepted was lor a single two- 
hinged arch with gianite piers and pylons, 
estimated to cost /'4,2 17,721 
The citizens of the fair city of Sydney arc 




172 


BRIDGING THE GAPS 


justly proud of their harbour, the natural 
beauty of which is unrivalled, and among them 
fears were expressed that the bridge might be a 
disfigurement. They need not have been con- 
cerned, for the builders vscre firmly determined 
to make it a first class aichitectural asset The 
most impressive feature of the structure is the 
mighty steel arch that dominates the landscape, 
but It owes mucli of its beauty to the pylons 
which flank tlie arch 

OGARRIED in AUSTRALIA 

One of the conditions of the agreement 
entered into with the coiilractois was that the 
materials f'oi the bridge were to be produced as 
far as possible in New South Wales The 
giaaite lot facing the piers and pylons was all 
quarried at Moiuya, one bundled and fifty 
miks south of Sydney Most of the fine steel 
had to be produced at the G()rnpany'’s Middlc.s- 
biougli steel plant, but alongside the site of 
the budge, on the north slioie, two eiioimous 
workshoiis weie creeled and t‘((tnppcd lor the 
mnnulacturc ol steel 

Tilt site oiigin.clK allotted lor these shops 
pioved too small and it vv.is lound necessaiy to 
enlarge it by bl.islmg .iway htly-five thousand 
tubie yaids ol rock I’lie buildings cvenluallv 
tovcied an aua ol one llioiis.nid two hundred by 
one huiidted and liltv hot and weie equippecJ 
with some ol the largest pu.ees ol niatlnneiy in 
the world Neailn a whaif rneasumig two 
hundted and fillv liy lilty led w.is cucud loi 
the unloading oi w ate i -hot tie iti.itciials 

SPECIAL STEEL USED 

The mamilactuio of the sleelwoik was no 
nieie routine job A spec i.il steel w.is employed 
it)i the main sjian, while set lions and jikites of 
gtealei 'Ut- than had evei [irevionslv been 
produced were used d be jiioduttion ol these 
involved an tnoinious advance in the terhnique 
ol manufaetuit 

In one workshop only “ light ’ pieces — that 
is pieces weighing up to twenlY-five Ions — were 
handled I he other \t as equipped w ith two 
one hundred and twenty ton overhead tiavelling 
ciarc’s to deal with the rnanufactuic and 
tissemhly ol the members of the arch trusses, 
some of which weie of unpieccdcnted dimensions 

When ready for erection the steel mcmliers 
weie loaded on to a specially constructed flat- 
bottomed steel pontoon, one hundred and ten 
feet long and with a Iwcntv-lour foot beam 

The total cost ol the workshops and the whaif 


was about ^300,000. At the busiest period a 
three-shift sy'stem was in opeiation in the shops, 
the staff employed numbering eight hundred 
The maximum output of steel was two thousand 
tons a month. 

A small town sprang up at Moruya ejuarry 
to accommodate- the stone workeis, many of 
whom were re'ciuitcd fiom Aberdeen Foi 
alxiut .six years two bundled and forty men 
were continuously cmpleiye-din quairymg Then 
total output was tvventy thousand cubic yards 
of dressed granite and one hundred and twenty 
thousand tons ol ciushed granite aggregate 
.Some of the diessed stones weighed nine tons 

PYLONS OF CONCRETE 
The construction of the pylons, which 
are three luiridied tcet liigh and among 
the largest ever built in eoiiciete, mv'olv'cd 
special ptoble-nis The base of e.ich |ivli>n 
measures two liuiidre-d and lliiily by one hun- 
dred and sixty ie-et, .end rests on toeks about 
ten leet above mean sea level 1 be lower pait 
ol the pylon, rising one huiirlie-d and lifty-iive 
led Irom liase to deck leye 1, loi ms a single lowei 
Abov'C deck level are- two towers, one on t.ich 
side of the m.iin loadway barb lower is 
pierced by a footwav .ind a i.iilw.iv fi.irk 

At the- miiei side ol the Ivises ol the py-lons 
arc the- (eiui be.uings ii|)on wiiuli llie .nrlies 
are Innge-el I'oi ihe- lound. ilions oi eaeh eil these- 
il w.is iie-te-ss.irv to eveavatr a hole- nine tv fe-el 
long, loitv leet deep .mel loity leet wide 

Each belling we-ighs time linndieel Ions and 
IS secuiej bv twei lows eii twelve U ineh- 
diamitei lieildmg-elow ii bolts, ibe uppci i.iw 
being sixteen le-e I long ,ind the leiwei leiw eight 
fe-et Ihe- “setting" ol the beaiings was an 
inliieate ope-iation When il was coinjilc te ei, 
ihc space below w.is filled with coiiciete 

PUniNG PLAItS IN POSmON 

We have seen that alter sleelwoik left the 
shops It was placed on a pon toon 1 o lift it 
fiom the pontoon to the ret|mred position in 
the structure two specially designed deeper 
ca'ancs, capable of laismg erne huiidrect and 
tvventy tons 12 J feet in one minute, were useel 
Some idea of the magnitude of these operations 
is gained when we read that these cranes took 
over half an lioiir to hoist a membet to the 
upper parts of the arch 

The creeper cranes were pfaced in position 
at the lower end of each arch by twenty-five- 
ton derrick cranes standing on the pylon deck 
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BUILDING A BRIDGE PIER IN A CAISSON 
The working chamber is filled with compressed air. Men enter and leave the chamber by the pipe-enclosed 
laddei on the right Mud Is removed through the pipe on the left The caisson has a sharp edge which 
sinks though the mud to bedrock. The caisson is then filled with conciete and on this Joundation the pier 

Is built up. 
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level. In the undercarriage of each was fitted 
a fifty horse-powei motor by which it could be 
moved forward from panel to panel of the arch 
at the late of one foot a minute In each new 
position the crane took up it built one panel in 
advance of itself 

The slopes of the upper chords upon which 
the cranes travelled were extremely steep at 
their lower ends, and if either of the cranes, 
each of which weighed six hundred tons, had 
slipped back even an inch, sufficient momentum 
would have lieen set up to send it hurtling madly 
to destiui lion The enginceis theiefoie devised 
an ingenious safety device vs'hich would have 
come into opeiation immediately and auto- 
matically had there been a bicakdovsn m the 
haulage gear, 

ERECTING THE END POSTS 

In spite of then colossal size, weight and 
power, the creepei cianes were capable of 
adjusting the position oi the mammoth steel 
members in any diiectioii to within a small 
fraction of an inch 

Messrs Doiniati Long secuied the contract 
111 March, 1924, liut so intricate and laboiious 
did the eailiti pait ol the woik piove th.il they 
did not commence the cietlioii ot the aicli until 
lout and a halt years lalt i Work was begun 
on the south side of the haiboui, and the first 
poitioii ol the aich to be placed in position 
ovci the bearings was the lowest innei sc'ction 
ol the lower chord, which weighed no less than 
c-ightv-fivc tons and jutted out twenty icet fiom 
the beating pin Aftc-i the lemaindcr ol the 
lowest sections ol both low'cr chords had been 
placed, the end jiosts sieri erected fhe sc aie 
one bundled and ninety feet long and had to 
be put up 111 three lengths, each weighing 
seventy tons 

GREAT STEEI, WIRE ROPES 

7'hey se rs'cd a verv important purpose to 
their uppci extiemitics vveic attached the ends 
ol the great stetl-wiie lopes by which the half- 
arches were held in position during the course 
of erection beloie they wcie joined together 
over mid-iivcr. 

These ropes, one hundred and twenty-eight 
to each half-aich, passed from the top of one 
end post through a tunnel in the rock behind the 
pylon and back to the opposite end post 

Each rope was one thousand two hundred 
feet long, with a diameter of 2^ inches and had a 
breaking-sti ength of three hundred and sixty 


tons In the concluding stages of the erection 
of the arch, each set of ropes bore a tension of 
no less than fourteen thousand tons. They had 
to be fixed in the sockets of the end posts m 
such a manner as to allow for the lowering of 
the half-arches to their final positions when 
both were complete and ready to be joined 
together 

RIVETED BV PNEUMATIC PRESSURE 

As the work of electing the half-aiches 
progressed it was found that temperature had a 
very pronounced effect on the condition ol the 
structure At frequent intervals measurements 
ol vertical, longitudinal and lateral deflection 
were taken The most reliable of these were 
made at daybreak and on cloudy days, when 
the full force oi the suii was absent 

When the eighth panel ol the south half-arch 
had been i cached work was suspended on that 
side and begun on the north hall-arch At one 
period work proceeded so rapidly that two 
thousand tons of steel were ei ected and riveted 
in a month, <ind in one jxuticular day five 
hundred and seventy-eight tons were fixed in 
jxisition 

'I’hc rivets lor joining the various plates and 
sections had to learh the w'oikmen hot from 
the lurnace fhev wcir conveyed thiough a 
flexible metallic lube by a jiiieumalic appliance 
known as the Pt nflex gun Pneumatic tools 
woikirig at a piessuie of one hundred and 
twenty pounds pei square inch elfectcd the 
riveting 

HEAT FROM TWO SOURCES 

Pci haps ihe most aiduous task in the whole 
couise of election was lhat ot the riveters who 
worked in the closed eomparlrnents of the choid, 
manipulating rivets 1^ inches in diameter 
The chord compartments afforded little space 
for movement, and the riveters suffered not 
only from the heat ol the rivets but also from 
lhat of the sun locating dow'ti mercilessly on the 
steel plates It says much lor the spirit and 
stamina of the men that they did as good work 
in these miniature purgatories as in the open 
air 

In August, 1930, the men, whose brains and 
muscles had been strained to their utmost 
capacity for more than six years, must have 
begun to feel a slackening of the tension. In 
that month the half-arches were completed 
and their upper ends hung suspended over 
mid-rivei forty inches apart At this stage of the 




TYPES OF BRIDGES 

Fori//, 2. Trestle BrUnfi Columbia, Canada. 3. Double bascule Ncnjoll. 4 Tianspoitei: 
Middlesbrough 5 Single arch Tyne 6 Suspension Brooklyn 7 Swing Rivet (kaie/iev 8 Tubular' 
Menai Strait 9 Lift-span. 10 Stone arch. II Truss 12 Rolling Lijl 13 Aichcd Tiiiss, 
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work each half-arch was free to pivot on its 
hinges as its members slowly expanded and 
contracted under the effects of heat and cold. 

The anchorage ropes had now to be length- 
ened to permit the lowci chords of the half- 
arches to meet This difficult process lasted 
about two weeks Each set of ropes was holding 
the weight of the half-arch and the creeper 
crane, amounting to fourteen thousand tons at a 
leverage of about three hundred and fifty feet, 
and they had to be lengthened by ten inches 


The daily rise of temperature brought the 
two halves about six inches nearer in the 
afternoon, but as the evening advanced and 
the air grew colder they withdrew to their 
foienoon positions. 

At 4 p m on Augtist 19 the combined effects 
of the lowering process and temperature- 
expansion brought the two half-arches into 
contact The rate of lowering was immediately 
increased to overtake the shrinkage due to 
cooling, and six hours latei the two halves wore 



TWISTFD WRECK \Gh OF THE FIR.ST OULBFC BRIDGE 
The first Qiiehe< Budge, begun in 1901, (tasked into the iiver sshen neaung completion, in 1907 Tins 
disaster, the most terrible in hridge-bnilding hisloiy, cost seventy lives and over 11,000,000 steilnig 


When tins process had been carried so fai 
th.U the opposi d ends ol the lower choids ol 
the hull-arclies ssete onK eight inches apaii, 
two powdlul pilot pins, ten iiithes square and 
with tapered ends, weie driven lorward froiii 
tin ends ol each truss of the south hali-aich to 
engagi' in eoriespondiiig holes m the end ol 
the north half-art h 

These pins ensuied that the half-arches would 
cornc into accurate alignment, and they were 
so strong that il necessary they would have 
enabled one halt-aich to hold the other in 
position in the event of any unexpected moye- 
mciit due either to tcrapeiature changes oi to 
high winds 


peimaucntlv )(jined on the eighl-inth diamelt i 
steel pins on tin crown Three weeks ulteiwanf 
Ihe aiichoiagt ropes had been removed and tin 
fin.il rncinlwTs ol the arch stiuttuic plated in 
ptisition 

The erection of the deck slrurtun was lit gnn 
on Septcmbei 23, 1930, at tin middle, no! tin 
ends of the span Ihe creeper cranes wen 
adjusted loi their new work and each stalled 
slowly to retrace its steps down the hall-aicli 
towards the jiylon 

T'he latgesc o( the hangers fiom which the 
deck was suspended was one hundied ,ind 
ninety feet long, and each of the cross girdeis 
of the deck was one hundred and sixty fei t 
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BUILT IN ENGLAND ERECTED IN AFRICA 
The hTuIge that trosst', the Riiei Zanthezt between Sena and Dana Anna was made at Darlington. It cost 
£2,00(),(K)0 and took thiee and a half vcuts to 


long, wngliing up to one liuudml .iiul ten loiii. 

The totil lenglh of ihe ronsti uclion, as 
conipUlfd, IS llucf llious.ind seven liuiidied 
and SI vents ImI, tin k ngth of the main span is 
one Ihoiisand i\ Imndud and lilt) k ( t <uid the 
t(vp ol the ai(h is lout liuiuhed and thntv-seven 
leil above llu walii In addition lo the 
fitlv-sevcn-lool loaduav, the detk lanies loin 
lailvvay liaiks, .itianged in pans on <.ieh side 
of till toadwav, and two Irn-looi lootuays, 
making a 1ot.il widlli on lIu .iiili sp.ni ol oni 
liiindi i d and sivlv lee I I’lie d( t k is one tiinidi i li 
and sfv'entv lie! above hiuh n.ioi .uni two 
li'indtid and si\U-seven k.i bi l.iw lln InglKsi 
poini ol the atcfi 

Cion IK i lion bi 1\\< en D i\\ es I’oml ind Mi Ison's 
Point . I the diek-hvtl was in idi loi the (nsl 
n.ne on Februarv I7. Plil, ,inn llu biuli'c \v is 
loiniall) optntdoii Mauli 1'), P)d2 


Among the othei gii.n budges within the 
Biitish Emjsiit aie those ovei the St Lawn me 
at Qiiebee, ovii I’li .''.ibi Rivi i in Sonihein 
Rhodesia , ovei *’.i /ainixvi bi low the V'uioii.i 
Falls, ind o\ii Rivi Ganges al S.n i 

Althisug'ii I oiopii li d 'O long ago as l‘b/' iln 
(.luebir Hiidgi ean slill boast the lonm i i.mM- 
le-vc span in tin world 1 his is om oiousand 
eight hnndied feel, as toinp.iied will ihi oiu 
thousand siven himdted ,md tin le l ol tin 
I'oith Onicliiie 

Tin biidgi w.e a long tinn in the building 
betaiisi opei.ilions wiir twice inti iiii[)t( d liv 
disasit I llu hist and iniliinslud stnutnie, 
lepri'enlnig sis veais ol toil .ind ,iii e\-p' ndilaii 
ol ovei / 1 ,l)(ll),()l)(), Clashed into tin iivii in 
\iigiisl, PK)7 Ol till' iighiv-loiii men who 

wire w’oiking on it .it the tiiiu, seveiilv weie 
killed in this e.it.isliophe 





BUILDINCi THE LITTLE BELT BRIDGE 

The Little Belt Bridge connects the peninsula of Jutland with Fiienen in Denmark It tontinns about pfty 
thousand tons oj steel and five million cubic feet of concrete. Its main piers ate foi tv-seven feet wide. 
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Evghtcen months were spent in clearing away 
the fifteen thousand tons of twisted steel that 
blocked the channel, and then the work was 
recommenced, to be interrupted by a second 
disaster in 1916 This was less serious than the 
first, but it necessitated further changes in 
design. 

KNOWN AS THE CHROMADOR PROCESS 

I'he Birchenough Bridge over the .Sabi River, 
neai Umlali, has more than one interesting 
feature Construcled on lines similai to those 
of the Sydney Harbour structure, it has a single 
span of one thousand and eighty feet, which 
makes it the third longest singlc-aich bridge m 
the world, coming next to the Bayonne and 
Sydney structures But in spite of this 
distinction it took only eighteen months 
and the comparatively insignificant sum of 

150,000 to erect, while the steel of which 
It IS made weighs a mete one thousand five 
bundled tons 

A similar amount of steel was used m the 
Vietona Falls Bridge, which is less than half 
the length of the Birchenough This shows the 
extraordinary advance that has been made in 
steel manufacture since 1905, when tlie Zambcai 
was first budged 

The steel used in the Birchenough structure 
was pioduced by what is known as the chro- 
mador process It is claimed to he half as strong 
again as the substance ordinarily used in bridge 


engineenng, and to be twenty per cent stronger 
than that used at Sydney 
The total length between approaches is one 
thousand two hundred and forty feet, the road- 
way is eighteen feet wide and the top of the arch 
IS two hundred and eighty feet above the river 
The Victoriii Falls Bridge does not span the 
falls themselves it crosses a gorge about seven 
bundled yards downstream This gorge is four 
bundled feet deep and six hundred and fifty 
feet wide at the top The central span, five 
hundred feet long, is flanked by two side spans, 
one of 62^ feet and the olhei of 87^ feet 

The site of the bridge was chosen by Cecil 
Rhodes shortly belore his death The man who 
wrote his name on the map of Africa hoped to 
see tlie day when Capetown at one end of the 
continent would be joined by rail to Cairo at 
the other, a pio|ect which could not be realized 
so long as the Zambezi remained unbndged 
The railway from Capetown was extended as 
far as the Virtori.i Falls in 1904, two years after 
Rhodes’s death, and the budge was completed 
in 1905 

OVER THE RIVER GANGES 
The const) uction ol the Hardmge Budge ovei 
the River Ganges, at .Sara, connecting the 
broad-gauge system of the Eastern Bengal 
Railway soutli ol the iivei with the railways 
north ol it, |jrcsentrd the engineers with more 
than oncdifticult piolilem The most important 



ONE OF DENMARK’S GREAT BRIDGES 

The Little Belt Bridge, opened in 1936, shortens the journey between London and Copenhagen via Esbjerg 
by SIX hours The total length is one thousand eight hundred and two jeet 
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PAINTING THE MENAI SUSPENSION BRIDGE 
The g! eat five handled and eighty feet king hi ought -ti on budge amns the Menui Stunt, '^oiih lVa/e<,. was 
built between 1819 and 1826 The nuiioiitr of it\ linh-chaiiu neu sound iiioie than a cental v later 


was that of keeping the uni ul\ ii\ci to a 
permanent course, since it had always httn in 
the habit ol pcnodieally uashiiig a\\av its 
banks, and wandeiing ovei the suiiouiiding 
< ountiy It could not be pcimitlcd to continue 
these tactics alter the budge had been eieetcd, 
sinee such mcandenngs would have icndcicd 
the construction useless. 

Two colossal guide-banks were theieforc con- 
structed Each IS four thousand feet long and 
stretches for three-quarters of Us length above 
the budge and a quarter below it. 

WELLS SUNK BV DREDGING 

There was no stone available I'or this purpose 
in the neighbourhood and the greater part of 
the twenty-three million three hundred and 
seventy thousand cubic feet used had to be 
transported an average distance of two hundred 
miles This stonework reinforced the thirty- 
eight million SIX hundred thousand cubic feet 


ofi.irth used in the eonstiuctioii (,( iIk banks 

'1 h( foundalions on which iht piers lest wcie 
.11 the lime ol completion the deepest ol then 
kind m the woild 'I'hev eonsist of wills sunk 
bv diidgiiig to ,1 dipth ol oni bundled and fifty 
to one hundied and sixty feet below lowest 
water level Over hftren thousand tons of 
inasoniy and about three hundied and hlly-live 
tons of steelwork win used in each mam well 

FIFTY THOISAND TONS OF MASONRY 

The pieis, ihiee hundied and fifly-niiic feet 
apart, cany fifteen main spans of three hundred 
and forty-five feet and at each end theie arc 
three land spans of seveniv-fivc feet This 
gives a total length betw'Ceii abutments of five 
thousand nine hundred feet or IJ miles In- 
cluding approaches the bridge is about fifteen 
miles long 

The masonry portion of each main pier, 
fifty-five feet long and twenty -nine feet wide, 
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rises three feet above low water mark, and 
weii^hs ncaily fifty thousand tons 

The mam girders aie filty-two feet deep and 
have a total weight of twenty-one thousand 
tons. They carry two bioad-gauge railway 
tiacks and a lootwav The headway under the 
spans is lot ty leet at high w.Uer and seventy leet 
at low watei At high flood level it is estimated 
that two thousand live hundred cubic leet ol 
■* watei pass under the budge every second 

The woik ol Lonstruction occupied about 
sl^ y'cars, hinng completed towards the close ol 
1914 The number of men employed on the 
undert.iking was colossal, tvventy-lonr thousand 
loui hunched being on the pay-ioll at one time 
I he lower /amlieai Budge, completed m 



ROCHEFORT TRANSPORTER BRIDGE 
In transporter budges vehiiles are transported on a 
platform suspended from a lofty span. 


Octobei 1934, at which time it was claimed to 
be the longest bridge in the woild, consists ol 
two thousand five hundred and eighty-nine feet 
of viaduct, thirty-thiee main spans and six 
approach spans, giving a total length of twelve 
thousand and sixty-lour feet Crossing the 
Zambezi between Sena and Dona Anna, it 
makes it possible lot tiains to tiavel direct horn 
Bella, in Poituguesc East Alrira, to Lake Ny.isa 
in Nyasaland, and opens up this latlei countiy 
to commerce It cost about /,'2,000,00() and 
took 3| years to build 

RIVER OF EVIL REPUTATION 

The Cleveland Budge Company by whom 
the stiuctuie was eiccU'tl, took such elahoi.ite 
precautions lot the saleguaiclmg ol the health 
ol their six thousand-odd emplovecs that tluic 
was piactivallv no sickness cm llie site and no 
m.ilan.i among the while engiiucis I his 
achievement is vny lemaik.iiilt in view ol ihe 
evil icpulalion lioin the pomi ol \ n w ol health 
that the b.mks ol the Zambezi bo.isl 

The coneiftf jiieis vchicli siippoil the mam 
sfians hav’c then loundaiioiis one hiiiiclicd and 
iwcnty leet heneith the suil.iee o) the iivci, 
and the lowest pan ol the hoii/oiital stiuctuie 
ol the budge is tui niv-sevc n leet abovi flood- 
level, so as lo allow iivci sii.imc'is to pass horn 
Cihintie, ni tin moiilli ol the tivei, lo Tcte, 
which IS upstu.im lioni the hiidge 

AVA RMI.WAY BRIDGE 

The Ava tailwav biiclgi ovei the liiawaddy, 
.1 thice-cjuai tc 1 -mill long stun line which cost 
ovci / 1, out), 000 wasopemd m JaiuMiv, l'C4, 
l>\ the tmv< I Moi ol Biiima 1 he hi idgc, v\ Inc h 
IS about nme milis lioiii Mandalay, has sixteen 
sp.ins, nine ol which aic thiei huiidivdaiid sixty 
leet long Moic than ten thousand tons of steel 
we i< put into It 

A huge ptopoilion ol Ihe money requited to 
hiiild huge biidgis ol the suspension and caini- 
levei type's is spent ou the const! uction of 
massive approach vniducls which enable the 
lev'C'l ol the budge to be laiscd suHiciently high 
lo allow ships to pass uiideineatli it But 
sometimes it happens that though there is a 
demand lor a bmlgc acioss a busy iivtr at a 
certain point, this demand is not sufficiently 
strong to justify the exjacndituie necessary to 
build an ordinary fixed bridge with a high 
clearance for ships 

In such cases it is necessary to build a movable 
bridge which neither interferes with navigation 
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ONh BRIDGE PASSING UNDER \NOTHLR 
/( hncke destined to he elected at Spiikeniwe, Holland, hems; towed ainhineatli the hfi-span hudite ot 
Banndiecitt, which n oser the Meuse. In hjt-span budges th. span can he lOised lun itonially 


noi -ypt int.iih n lari'c oxpcrulnuit Then- .11 c 
hall a do,^eti diflcieul t\ s ol nioxablo l>iid<;('s 
includiiif; dia\\ bridges, sir h as that al the 
lowtt ol London, stung budges, which pivot 
on a put in thr middle ol llio thaniul and aic 
to be SI cn in m.inv Lnglish industii.il towns 
lilt-span budges, in which the main span tan in 
raised 111 a hoii/ontal position whin ships wisa 
to pass underneath it, and tianspoili 1, 01 
“ kriy ” biidgfs, in which u'hirles and p isse n- 
geis arc Uanspoited aeioss tin iivii on 1 small 
movable platlonn which is suspended eni wins 
horn a loltv span 

PART KERRY AND PART BRIDGE 

The last meiilieincd aie probablv the meist 
c uiious, since they .lie pai t lenv and p.n t bridge 
1 he spans which siipiJOit the travelling plat- 
loims of feriy budges rest on high steel tovveis, 
which have no need foi expensive .i]iproach 
viaducts, since the passengers and vehicles using 
the bridge arrive and depart along oidinary 
giourid-level loads 

The largest English transporter bridge con- 
nects Runcorn and Widnes acioss the Meisev 
and the Manchester Ship Can.il The one- 
thousand-feet-long span, which is of the suspen- 
sion type, IS suppoited by two pans ol toweis 
one hundred and ninety feet above high-watei 
level The two mam girdcis of the span aic 


(ighteeii ket del p, tliii lv-li\ e li et ,ipiil iiid 
eigluv -t\>o k ( I abov i liighw.itei An licliuallv 
diui 11 tiolli y w liK h unis on lails l.iid along tin 
icip ol till giidii opi'i.iiis tin liaulliiig plal- 
loini. 01 ti.nispoiiii rai,.isit is iiioii uiiiutK 
i .till d 

I his i.itici is liltv-lh'e kit long, tw'i ril y-loiii 
leet widi .Old luelvi Icet .ibnu lugli-w.Uti 
level It inalces tin ciossing m pist o\i' Iwo 
miimtis with .1 lull load ol lour ioriies and 
thiei Imiidiid jussciigcis 

ENGI.AND S FIRST LIKT-SPAN BRIDGE 

One ol till l.iigist lilt-spaii biidgis 111 the 
woild ciosses the 1 ci s .it Middksbiough 
'1 he hist ol Its kind to he constructed 111 Iviigland, 
It w’.is opened 111 hVbiu.nv, 1034 , by tin Duke 
and Duchess ol A ak It cont.inis o\ ei six 
thousand tons ol steil, of which Iwo llioiis.nid 
hve liundied tons ,iie m the lilting sp.in, and 
cost 51 ) 0 ,( 10(1 

Time IS a very unusual type of movable 
bridge at Port Bouvet, in I'reneh W'est Afric.i 
It (allies a railvvav (rack nid a motor road 
acioss a lagoon a quaitci ol a mile wide 

'I he middle span, six bundled and eiglitv-nine 
feet long, rests upon six steel pontoons which 
arc anchored to connctc blocks sunk in the 
bed ol the lagoon The level of the waltt vanes 
very considciably and the pontoons rise and 
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BRIDGING THE GRAND CANYON 
Fixing anchorage'! for the cahki of the bridge 
hundreds of jeet above the bottom of the canyon 


APPROACH TUNNEL 
The south side of Ctand Canyon Bridge is appioached 
though a tunnel one bundled and five feet long 

fall with il Normally, the rniddk !>pan is on 
the same le\cl as the fixed side spans, hut at 
flood periods n curves upwards To prevent it 
from rising loo high wain ballast is pumped 
into the pontoons, making them sink low'er 
The pontoons ate joined to each other and to 
tht fixed side spans by means ol special hinges 
and joints 

1 his budge cost less than hall the sum that a 
conventional fixed structure w'ould have called for 

One of the most remarkable senes of bridges 
in the world is that which joins Key West, the 
southernmost point of the United States, to the 
Florida mainland Key West is on the last of 


BIRD’S-EYE VIEW OF DECK. ^”"8 string of coral islands which extend 


The deck of Grand Canyon Bridge is four hundred ^ south-westerly direction from the Florida 
feet long between supports. mainland into the Gulf of Mexico, and which 
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are known as the Florida Keys 'Ihesc islands, 
lorty-scvcn in number, arc now linked together 
by a succession of embankments and viaducts 
which carry a railway one hundred and thiity 
miles out into the gulf 

Ninety miles south of Key West, and separated 
Irom it by the Florida Channel, is Has ana, the 
capital of Cuba Tins distance is too great to 
be bridged, but a train-leriv operates acioss it, 
thus making it possible for people to travel liv 
train all the way from Miami, in Florida, to 
Cuba The total cost of this ocean railway was 
about ^4,000,000, while the number of men on 
the company’s pay-roll during the construciion 
of the vast undertaking larcly tell below tlirec 
thousand 

ARMADA OF FLOATING WORKSHOPS 

The distances between the coral islands vaiv 
liom two oi three bundled vaids to live oi si\ 
miles Whcie the distances are shoil, einbank- 
inents join the islands, wheie they aic long, 
viaducts are used One of the longest of the 
viaducts, that at Knight's Key, extends over 
nearly seven miles of water and lequiies one 
hundred and eighty-hvc concictc jiillais to 
suppoil It 

An armada of ships and ttigs and barges was 
used to tiansport mateiuil fioiii llu mainland 
Many of these vessels wcie .in(hoi<d lor Ion, 
periods near the sites of opeiations .uid toii- 
veitcd into floating woiksfiops, lu te i ai penleis 
and cenicnt-inixtis and mechanics toihcl as on 
land 

There were fourteen large houseboats, carh 
of wliirh gave living arcoininodalion to ovci . 
liundicd white woikeis The colouicd uoikci . 
lived in huts on the islands 

WRECKED ON A REEF 

Working fai from land in tliesc toi nado-swept 
wateis, the men were fiecjnently in dangei and 
many lives were lost While the Long Ke\ 
Viaduct was being constructed a teiiible stomi 
arose It tore down jiart ol the viaduct, 
flattened the huts of the colouied workers and 
diove vessels from their anchorages 

One of the houseboats, with one hundred and 
forty-five men on board, was driven miles out 
to sea and smashed to pieces on a reef The 
majority of the men were rescued by passing 
ships, but not a few were drowned 

A curiosity among bridges is the structure 
that joins the two sides of the Grand Canyon of 
the Colorado Five hundred leet long between 



PRIMITIVE BUT USEFUL 
A tope bridge across the River Lai Lajas in Nu aiagua. 
It IS suspended from trees 
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supports, It was thrown across the gorge of the 
river hundreds of feet from the top of the mighty 
canyon. 

Before the work of construction could be 
commenced it was necessary to transport 
materials from the top of the canyon to its 
floor, fivx thousand feet below. It was at first 
suggested that this could be done by means ol 
a cableway, which would have had a length 
ol about lour miles, but it was finally decided 
that It would be cheaper to use park donkeys. 
These animals had to zig-zag up and down a 
nanow path 7i miles long, and it took three 
months to transport the main part of the load 
to the floor ol the canyon 

The bridge is ol the suspension type and is 
supported by eight mam cables, each of which 
weighs ovei a ton The south side is appioached 
through a tunnel one hundred and five leei 
long, ten feet high .md six feet wide 

ERECTED IN TEN DAYS 

Most of the laigc -scale bridges of the world 
have taken years to eiect, and even small 
bridges are seldom ready lor use until many 
months aflei they have been begun, but in 
case of necessitv the engineers can thiow solid, 
long-lived constructions across rivers m a 
remarkably short space ol lime A striking 
example ol haste was the ereclioti of the Point 
ol Pines Bridge, over the Sangus River, 
Massachusetts, USA, in ten days. 


This structure is four hundred feet long, 
thirty-three feet wide and cost about /^7,000. 
It was built to replace the original bridge which 
had been destroyed by fiic, and the reason why 
rt was put up in suCh a lush was that the lack 
of a bridge at that point for any length of time 
would have had a very bad effect on trade 
t)iily thiity-one days were allowed to elapse 
between the burning of the old bridge and the 
opening ol the new one 

BUnT OF WOOD 

The bridge is a wooden one, ihe piles of oak, 
the load suitace of spiucc and the supci- 
struciure of long-leaf haid pine Altogether, 
two hundred and seventy thousand hoard feel 
of lumber w’erc used in the construction of 
the Point of Pines Bridge 
A budge one hundicd and lour feet long, or 
about oiie-nuaitci the length ol the one pist 
desiiibed, was thrown acioss troUlers Gicen 
Road, London, m a little ova a ([uailer ol an 
hour 111 Seplembir, I'U'l This budge has a 
tot.ll weight of ovei llinx himditd tons and is 
supported on tw'o sixty -Ion giideis, which had 
to be “ shot " acioss the gap 

A bridge doi's not keep itsell in icpair The 
upkeep olten iiins into large hgiiiis The total 
Cost ol mamtainiiig ihc Towei Bridge, London, 
III a leceiit ye.ii was no less lhan ;(^i3C,57b, and 
the sliuctuu; is bv no means a big one when 
compared with olhei budges we have discussal 



WOODEN BRIDGE TURNED TO STONE BY NATURE 
A petrified log budge in the Petnfied Foiest of Aiizona Concrete pylons were bath to hold it up but they 
' sank away and the budge still stands firm although without suppoit of any kind between banks 





BFHIND A GIANT lUNNfl -BORING SHIILD 
At »oik oil the tonsil lutioii of a tiiiiiiel henetuh the Hiitisoii Rivei The shiek! is on the wine principle as 
the Jamous Giealheatl ShietJ, sthnh was itself onlv an iinpiovcimnt (tf the Biiinel ShieU 


PIERCING THE MOUNTAINS 

T iir human rnok is no nowrfitnci Man was till ( onsti uctiun of ii IuuikI i1ui)U!.'I' Monte 
started IiuirinviiiQ^ loiit? hcloic (uilization Salviaiio in tin \pi nnines in oidti to diain 
hrnan In England aie to In sei n undii- I.akt luttno, a siittih ol watci wliith had no 
eifiuiid passages (vcasaled unknown renliiiies outlet and t oiisc(|Ucntlv sailed in size to an 
at;o li\ oiii pinnitivi loilxars with mcKdtl'Ie rnih.ii lassniii; (xlint 

liatieiKc and bv diiit oi exhausting laboui Julius Cas.n had tins pio|crt m mind hut 
I heir pii k was a d( < r’s aiitlei artuallv it was not caiind out until ru.irh a 

I hese prehisloiii mmeis toiled thus to ceiiluiv altf i his de.ith In A n 52 the Empeioi 
Htumulate the pierioiis flints whirli inaltled Claudius built a tnnin 1 o\ei 'if iiiiles long, ten 
I hem to will food and ke' p enenius at h.is, and leet high and six ii et ividc 

I'losided their wonu niolk with kitchen kiines So c tide wiie methods and appaiatus in 
and scrapers lor cleaning pelts thosr da\s that thutv iViousand men au said 

Later on man began to constiiirt tunnels Ini to havi toiled and moiled loi elevin yeais m 
purposes so varied as burial plates and tlie the i onstruction of the tunnel Enity shalts, 
(onveyance of’ water 1 he ancient Egyptians soint ol them four hundird ii 1 1 in depth, were 
earned out extensive and clahoiate tunnelling sunk, and many inclined galleries All the 
ojierations, mainly in the construction of tombs, excavated material had to be hauled up in pails 
but the first really scientific tunnclleis weie the by w'liidlasses 

Romans Evidence ol their piowcss in this The Roman methods of tunnelling persisted 
direction can still be seen in places as iar apart foi many centuries, and w'e have to w'ait until 
as Sw'itzerland and Algeria the nineteenth century lor the development of 

Perhaps the mightiest of then achievements modem scientific tunnelling Among the 


nil 
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pioneers are numbered Marc Isambard Brunei 
and James Greathead, the former of whom 
suggested a tunnel beneath the River Thames 
After considerable discussion the project was 
entrusted to him. 

BASED ON THE SHIPWORM’S METHODS 

His main ’problem was how to support his 
tunnel stage by stage as he bored through the 
loose gravel, clay and sand beneath the river 
bed Basing his method on that of the teredo, 
or shipworm, which as it burrows its wav 
through wood lines its tunnel with a chalky 
casing, Brunei constructed a huge shield 
composed of twelve iron Iiames, each twenty- 
two feet in height and three leet in width These 
he placed together end to end, and between 
them he built compartments to hold the men 
carrying out the boring operations 

Altogethei there were thirty-six of these 
compartments or cells, and the method of the 
inventor was to move forward the great shield 
as work progressed. 


The construction of the tunnel was gravely 
delayed by irruptions of water— always a major 
danger in tunnel building One very serious 
inundation caused work to be suspended for 
seven years. ' 

James Greathead (1844-1896) improved upon 
the Brunei Shield, which he and P W. Barlow 
used m the construction of the 'Powei subway 
beneath the Thames The shield which he 
invented and used between 1886 and 1890 in 
the building of the City and South London 
tube railway was the parent of the model that 
IS in use today 

USE OF COMPRESSED AIR 

Alongside the use of the Greathead Shield 
in modern tunnelling must be mentioned that 
of compressed air, emplo>ed dining boring 
operations in loose or shifting materials to 
resist the enormous pressure of roof and 
sides 

Although the idea of thus utilizing com- 
pressed air in the sinking ol shafts and boring 



“ SANDHOGS ” AT WORK BENEATH THE HUDSON RIVER 
Workmen known ai “ sandhogs " digging away the mud as the shield moves forward fiom the Jersey side 
during' the boring of a tunnel beneath the Hudson River m 1935. The “ sandhog's ” work is often dangerous. 





UNDERGROUND TUNNEL SYSTEM ()1 CHICAGO 
■ 1 tiuck loimJiiii’ a bend in one oj the undet tfronnd tunneh that extend ioi mine than sixtv-aiu tndes 
under Chiiago Hundtedi oJ thousand', uj tom ojjieighl pass through them veailv 


ol tunnels liad been suggcsud by Biuntl and 
Ihomas Cochiane, allftwaids Earl of 
Dundonald (ITyt-UibO), nearly hlty veais '.sete 
to elapse belote it was put to prattieal use 

It was first applied on a l.ugt scab in tin 
ronstructioii ol a tunnel bcne.ith the Hudson 
Kivei, New York Ihis tunnel, wliu'h had to 
be bored tlnough a treacheious mass ol silt, 
piesinttd so many dilhcultics and such gnat 
danger that bdoie its eoinpletion the uses and 
limitations ol conipiessed air had been veiy 
fully e'tploied 

TRAPPED BY WATER 

Begun in 1874, the tunnel was not finished 
until 1908 On the morning of July 21, 1880, 
a leriible disaster occurred I’lie compressed 
an escaped from the air-lock, the roof of the 
tunnel fell in, there was a sudden inrush ol 
water and of the tw'enty-eighi men who were 
m the workings at the time twenty were 
drowned. 

Financial difficulties caused work on the 
tunnel to be suspended for about six years 
between 1883 and 1890 When It was resumed, 
another urgent problem presented itself This 
was a serious loss of life among the tunnellers 
due to compressed-air sickness. 


At OIK time tin mortality itailn-d twciity- 
h\t per cciil pci annum Publu opinion gicw 
.il.nmcd, and laboin became dillicnlt to obtain 
This sl.ite ol crisis lid to the invi ntioii ol the 
decoiiipii ssion chamber by Mi L G (hitei 
Sn Einest) Mon (18h2-19i'’i;, the Biilish 
engiiicci at that time in charge ol the work. 

MOIK'S MEDICAL AIR-l.OCK 

I'he decom|iiession charnbei, or “medical 
aii-lock “ .IS Mon called it, m which air piessuie 
could be scientihc.illy laiscd oi loweied, has 
since piovcd invaluable in deep-sea diving .is 
well as in tunnelling opeiations Its woith w.is 
immediately picwtd in the Hudson Rivei 
scheme, lor the death rate Irom compiessc'd-an 
sickness lell at oiilc Ironi tw'enty-five to one per 
cent bcicncc had pcrloimed another miracle 
lor humanity 

Another brilliant invention which arose out 
of the difficulties of this pio|ect was that ol the 
pilot tunnel, invented by Mr J F Anderson, 
superintendent of the works A pilot tunnel is 
a small tunnel driven on ahead of the mam 
tunnel to explore the nature of the rock and to 
serve as the basis for the excavation of the mam 
tunnel 

Roughly speaking, tunnels can be divided 
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into three classes — shallow, low level, and high 
level or rock tunnels 

In the first category, which consists of 
tunnels only a few feet below the surface level, 
come the subways such as are found m London, 
New York, Pans, and other great cities 
Low-level tunnels are those driven at consider- 
able depths below cities and livers Examples 
are the tubes constructed for London’s 
undcrgiound i ail ways 

High-level or rock tunnels arc those driven 



GOOD-BYE TO DAYLIGHT 
Tunnellers going down a ihiijt during the cxtcniion 
of one oj London •! lube railways 


thiougli rriounlains and hills A feature of lluii 
construction is that they are inclined, either 
from each portal towards tlu ctntic oi from 
one poital to the othei, to pciiiiil w'.rtci to diatn 
away by gravitation Water is a perennial 
trouble in most of such tunnels, so wlierevei 
loose material is encountered they are lined 
throughout with masonry 

In 1832, bcfoie Italy possessed a single 
railw'ay, an Italian engineer, M Medail, lard 
before Charles Albert, King of Sardinia, a plan 
for piercing the Alps The pioject was shelved, 
revived in 1845, shelved again, and finally 
taken up in 1857, when Charles Albert’s son. 


Victor Emmanuel, who four ycats later was to 
become the first King of all Italy, cxpiloded on 
August 31 the mines w'hich heialdcd the 
beginning of an unprecedented task 

The tunnel, known as the Mont Cems 
(though actually it lies about seventeen miles 
west of that pass') w as successlully completed in 
thirteen years, though when it was begun there 
weie statistical Jciemiahs who calnilatc-d th,il 
It could not possibly be finished in undet sixty 

SLANDERING A TUNNEL 
Even when the tunnel was (om]ileted thcie 
weie many who doubted that it would evei be 
of practical use I'hey dctlaied that the smoke 
from the locomotives would sulfotale the men 
on the foolpl.ite and asphyxiatt the passengers 
in the coaches 

It was .ictually stated that dm mg the fust 
tiial lull two of the thiei diiveis who utidcttook 
the iisk of piloting the tiaiii ihioiigh the tuiiiid 
died as a result ol mhahiig poisonous fumes, and 
that the thud had coini wilhiii an act ol 
sulh ling the snmi late As a inattr i of lat I, this 
mauguial run was madi m Iwtntv minutis 
without incicli nt ,incl without atiyone sulhitiig 
the slightest me onv i int ni e 

I he luniiel, which is 7 j iinh s long, twe iitv-six 
leu wide .incl luiuuen fill high, was opt nt cl 
to tiallit in 187t) JJuimg llie Inst loui ve.iis til 
Its coiistitu lion, the excavation woik was dom 
cnliielv h\ m.iiiiial l.ibom, and lot some tinii 
.iltt I till mtioduttioii ol chilling tnaihmtiy in 
I8()l piogiess thd not ixcecd t ighlei n mthts 
d.iv 4 his woiks out .It out hnndrttl and filtv 
yaids 111 <1 working vi.ii ol ihiet huiidiid d.ivs, 
and ceit.uiilv seemed to lustily tin ptssimisis 
wlio calculated tlu |ol) woulel takt sixty yeais 

BESET WITH DIFHGUI.TIES 

Even the siictesslul boiiiig tif the .Mont Clems 
Tunnel did not convt rt all tht doubting 
riiom.iscs, when the St ( 'otthaid T’unnel was 
mooted they again raised ihtii voices m ejutiu- 
lous dtiubtings and prophet us of l.ulure The 
Swiss, who spoiisoied the pio)ect, weie equally 
deter mined to piove that they could do at least 
as well as then neighhouis the Italians and 
Flench 

A Swiss engineer, M Louis Favic, sccuied 
the contract, having engaged to build the tunnel 
within eight years at a cost of ^^2, 000, 000 To 
this contract he w'as bound by heavy penalties 
he was compelled to deposit /(32(),000 as 
security with the Swiss (iovernmeiit before 
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PUTTING THE UNISHINO TOUCHES TO A GIANT TUNNEL 
I loncrcte-placiiif; madune buildtiit; up the wuUs of an ei^hl-imle-ltmg tunnel on the Gical Not them 
Railroad oj Amenta Tins gigantic undertaking cost appi oxinuitelv five million poundc steiling 

''larrinir work, ,rnd hjci to agree to be fined £200 substantia] proportion of the rost ol tfie under- 
a day loi every day during the first six inontlis taking, demanded that a latge part of the \soik 
ovei his contract time and £400 a da) lor eveiy be intiusted to Italian workmen 
dav llierealter I'licse unloieseen obstacles held up the stait 

Almost as soon as he had signed the agiee- loi seveial weeks On June 4, 1872, h'avie 
ment the plucky eontrnctor found himself beset began his gieat task at Gosehenen, on the 
"ith unexpected diffirultics Jealous outside noi them face of the Alps, boring on the southern 
interests wrie st t in motion to obstruct him side being started at An olo about a month later 
the Swiss Government failed to have the tiiiint I For the greater pait of the time that work was 
appioach tf ady by the stipulated time, and the in progress about four thousand men were 
Italian Government, which along with those of employed, though at one period this numbei 
bwit/eiland and Germany had guaranteed a was almost doubled The risks they ran were 
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considerable; the construction of the St. 
Gotthard Tunnel cost over three hundred lives, 
while nearly nine hundred workers were injured. 

At one stage in the boring there arose the 
possibility of the tunnel being flooded Water 
poured into it at the rate of over three thousand 
gallons an hour, and for a while the tunnellers 



IN SUBTERRANEAN HAMBURG 
A gas-masked workman testing the puritv oj the atr 
on a subterranean Hamhuig canal. 


had to woik with franlic haste hall-submerged 
in water 

In 1870 it became evident that the cost ol 
the w'hole vast undertaking, which included the 
laying ol a railway line up to the tunnel, had 
been gravely underestimated In addition to 
the physical difficulties attached to the task, 
Favre now had trouble in obtaining money to 
pay his workmen 

Faced with a crushing penalty il he exceeded 
his contract time, he toiled on indomitably 
The effort killed him On July 19, 1879, little 
more than six months before the tunnel was 
completed, he had an apoplectic seizure and 
died'shortly afterwards 


On February 28, 1880, the two boring parties 
joined hands in the centre of the tunnel A 
short but solemn ceremony ensued, during 
which, as tribute to his genius and courage, a 
portrait of Favre was passed through the hole 
in the rock screen. 

For a quarter of a century the St Gotthard 
lemained the longest tunnel in the world 
Before it w'as completed, boring had begun on 
a tunnel beneath the Arlberg Pass m the 
Austrian Tyrol The piercing of this was a 
magnificent example of Austrian engmeenng 
skill, for although the tunnel was 6 36 miles 
long, with a width of just over twenty-five feet, 
It was completed in four years 

FIGHTING UNDERGROUND STREAMS 

Progress was much accelerated by the use of 
the Brandt hydraulic rock-drill, which was also 
used by the builders ol the Simplon Tunnel, 
the longest on the continent of Europe 

In tunnel construction it often happens that 
the most tarcfully planned organization is dis- 
located by unforcsetn ciicuinstances Though 
the builders of the Simplon had behind them 
the experience gainctcd liom tlic consti iiction 
of the Mont Gems, St (fotthnid and other 
tunnels, thev encountered far greater difficulties 
and met with more seiiotis interruptions than 
any of their predecessois 

Not the least alarming danger was the fi-equent 
swelling ol the ground, whith ncccssuatcd thi 
erection ol steel beams built round with concrete 
to support the roof and sides Undergiound 
streams were frequently met with during the 
course ol excavation , at one period watci poured 
into the tunnel at the rate ol ten thousand 
gallons a minute and with a pressuie of six 
hundred pounds per square inch This watei 
w.is so cold that it reduced the temperature in 
the tunnel, noimallv that of a hot summer’s 
day, to 55 4 degrees Fahrenheit 

DELAYED BY HOT WATER 

Towards the completion of the boring the 
reverse happened The temperature rose 
rapidly to such a height that it was feared that 
operations would have to be suspended. The 
cause was an outburst from a number of hot 
springs, w'hich poured water having a tempera- 
ture of one hundred and thirteen degrees 
Fahrenheit into the tunnel at the rate of one 
thousand six hundred gallons a minute. 

The temperature was reduced by pumping 
cold air and water into the headings, but serious 




TUNNELLING UNDERNEATH IHF STREETS 01 LONDON 
Wojkutg on the exlemion of the Bakeiloo UiicJeii'ioimd Railnw A ponei/iil hydrauht ciini manuetnnng 
a tunnel segment into position at one end of the tube 


delay was caused by this <[uitc uiievperted 
h.ippcning, and it took sis; nionlhs to lioie tin- 
last section ol the tunnel, a distance ol less than 
hall a mile 

AT A COST OF SEXTY LIVF,S 

The Simplon Tunnel, which connects Biipue 
in Sviit/crland with Iselle in Italy, and is 
twelve miles fi\'e hundred and sixty \aids m 
length, 'w.js opened on May 19, 1906, eight 
vears after it had lieen begun 

Its construction cost sixty lives In the 
building ol the Loctschberg Tunnel m the 
Beinesc Alps twenty-five men were killed when, 
alter boring for about two miles, the engineeis 
weie unfortunate in striking an ancient glacial 
gorge, which precipitated lock, gravel and 
water into the heading. 

This unforeseen obstacle, in addition to being 
responsible for a terrible disaster, made it 
necessary to modify the plans Originally 
intended to be an S^-mile-long straight double- 
track tunnel, it had to be bent to avoid the 
Roige, an alteiation which added half a mile 


to the length The lunnel was finally opened 
to irallic on Maich 31, I'tll Altogether 
iiioii than four yeais had bein spent on its 
construe tion 

Though the United States loi a time lagged 
behind the Old World in the matter ol high- 
Icscl tunnels, otici the .\nieri' ans reahred the 
economic value ol passing thiough a nioLintaiii 
range insttad ofciossing ovci it thc\ made up 
for lost time m chaiacterislic fashion One of 
then gicatcst achievi meiits was the building ol 
the Cascade Tunnel lietween Berne and Scenic 
in South Dakota, on the Gieat Noithcin 
Railroad 

COMPLETED WITHOUT A HnCH ' 

In 1900 a tunnel 2| miles long was pierced 
at a height ol nearly thrie thousand four 
bundled feet beneath the .Stevens Pass Twenty- 
five years latei it was decided to extend the 
tunnel to over three times this length in order 
to save time, avoid climbing and eliminate the 
expense of maintaining about six miles of 
snow-sheds along the existing line. 
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The work was begun in November, 1925, and 
the tunnel, nearly eight miles m length, was 
scheduled to be finished in three years To 
lacihtate completion within the required time 
the contractors bored a small pioneer tunnel 
parallel to the mam one sixty-six feet away from 
It By driving cioss-shafts from the former 
to the latter at intervals of one thousand 
five hundtcd leet, the engineers were then 
able to start excavating at eleven different 
points 

The pioneer tunnel was used also for transport 
of materials, drainage of water and ventilation 
So smoothly and efficiently did the team of one 
thousand five hundred men woik that the task 
was completed within the contract time 

PIERCING THE ROCKY MOUNTAINS 

The dream of David H Moflatt that the 
mighty Rocky Mountains should be pierced by 
a tunnel to enable the vast iiches of the eastern 
seaboaid to be brought west was realized in 
1928, when the tunnel which bears his name was 
completed Unhappily the originatoi of this 
gicat and beneficent commercial entei prise 
did not live to see his vision transmuted into 
leality, but the tunnel, which is fi 1 miles long, 
stands as a lasting monument to his foresight 
and spirit of bold adventure 

Before the Moffatt I untiel was opened trams 
crossing the Rockies had to ascend to a height 
of ovei eleven thousand five hundred feet Two 
miles of snowsheds alone made the climb 
possible, and even so every loot of the perilous 
passage over the snow-capped mounlams was 
a fight against tcriihr natuial h.iridicaps 

FIVE LOCOMOTIVES TO A TRAIN 

Deseent was as perilous as ascent, on account 
of the dangerous gradients and treacherous 
curves Special locomotives were necessary to 
haul trains over the formidable baiiier, and 
four or even five of these were often needed 
for a single tram To rover one length of track 
ninety miles long fourteen hours were required 
— an average speed of less than seven miles an 
houi 

The opening of the tunnel reduced the ascent 
by about two thousand four hundred leet and 
ensured that trains would no longer have to 
plough through snowdnfts, as had hitherto 
been the case 

An interesting feature of the construction 
was that parallel with the mam tunnel and 
connected to it by cross-cuts similar to those 


of the new Cascade Tunnel, a small tunnel was 
bored as a water tunnel This water tunnel 
(xirries to Denver County, Colorado, about 
four hundred and fifty thousand gallons of 
watei a minute, wh'ich m addition to supplying 
towns is used for irrigation By reason of it 
about one hundred thousand acies of hitherto 
unleilile land have now been icndercd 
productive 

SAVING A FORTUNE YEARLY 

A tunnel is not always ineicly a mote con- 
venient and shot let w'ay of getting to a place 
or a means of opening up new teiritory For 
instance, the Connaught riiiiiiel, winch pierces 
Mount Macdonald, Biifish Columbia, saves 
the railway _^20,000 a ycai m cost cl mainten- 
ance, that sum having been pu viously expended 
in keeping the old loiile in i(]iaii 

One ot the most vvondciiul examples of 
tunnel consliuction in Ameiiea is tlie Y( i ba 
Buena T uniiel, which passes ihiciigli tin island 
ol that name to (onntct the two sections ol the 
Bay Budge, San Fiaiicisco 

It IS remarkable in that in great part it was 
excavated ahei it was bmll, the lining bung 
completed lx hue the coic was ting out 

Fust, tin s|ia( e lor ihc sidi w,ills was cut 
Tiien the walls wen bmll .ind lined, the aith 
was cut, timbeiid against tlit cential coie, and 
lined Finally tin roie was exe.iv.itid, the 
noimal sequent e being thus completely rev'ersetl 

INTERRUPTED BY THE WORLD WAR 

An mipoit.mt tumielliiig scheme iiiteirupted 
I)V tin outbreak ol W'ai m I'JH was the pieiciiig 
of the Apeiiniiies between Bologna and 
Florence The woik was lesurncd shoitly aftei 
the conclusion ot hostilities, but it piovcd to be 
a minh longer job than had been anticipated, 
and It was not until 1929 that the tunnel was 
opened to traffic 

Second only to the Simplon m length — it is 
eleven miles eight handled cund eighty yaids 
long — Its constructoi-s were fared w'lth even 
more serious difficulties than were the boiers 
of the Alpine d'lmnel 

The bed-rock of the Simplon consists of 
granite, gneiss and other hard rocks, which 
(ould be excavated by drilling and blasting and 
whic h demanded nothing in the way ot timbei ed 
suppoits The engineers of the Bologna- 
Floience Tunnel had to bore through clay, 
sandstone and other solt locks, and consequently 
had to make fiee use of steel and timber supports 
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PLACING STFEL REINFORCEMENTS FOR MOFFATT TUNNEL 
Bars oj /einforcing steel being fixed m the Mojfatt fVatei Tunnel which runs through the Continental Divide, 
in America. It carries water from the western slope to Denver Ctty on the eastern slope The limnel, 

SIX miles long, is part oj a sixty-fwo mile conduit to provide water jor the city 
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to prevent the walls and roof from caving in. 

Further, they were constantly faced with 
danger from flooding, and from poisonous and 
inflammable gases. As the tunnel progressed 
ventilation became a serious problem, only to 
be overcome by the installation of equipment 
supplying twenty to twenty-four cubic metres 
of air per second to the farthest working points. 

BY “ BULLET ” TRAIN 

A most interesting feature of the tunnel is 
the station situated roughly midway between 
the two portals. This subterranean station is 
about five hundred feet long, and, in order that 
slow trains may be sidetracked to allow free 
passage to expresses, there have been built at 
this point two lateral tunnels each about six 
hundred and fifty yards long 
The cost of the tunnel, including the accessory 
track which had to he built, was in the neigh- 
bourhood of 18,000,000, but the expenditure 
was more than justified The journey by the 
old line was eighty-three miles long and took 
two hours thirty-six minutes to cover . the 
tunnel reduces the distance to 60^ miles, which 
ordinary expresses can compass in seventy 
minutes, while the elettroreno, an articulated 
three-coach “ bullet,” does it in fifty-five 
Another tunnel the construction of which was 
hindered by the World War was the Otira in 
New Zealand, the longest both in the Biilish 
Empire and south of the Equator Begun 


in 1908, It was not completed until 1923 

The Otira Tunnel, which is five miles four 
hundred and forty-five yards long, pierces the 
Southern Alps in South Island to link Chiist- 
church on the ea^t coast with Greymouth on 
the west Few railway projects have presented 
greater difficulties to those who had to carry 
them out. 

The permanent snow line is some three 
thousand feet lower in the Southern Alps than 
in the European. The sui veyors who marked out 
the course of the tunnel were often imprisoned 
for days at a time in flimsy snow-shelteis, 
while the work outside the actual boring had 
to be carried on in a pass that was wind- and 
snow -swept in winter, flooded in spring and 
overpowciingly hot in summer 

IMPRISONED FOR FOUR DAYS 

When boring began the engineers found 
themselves up against stretches of rotten rock 
and treachei ous shale. This necessitated unfore- 
seen expenditure on timber supports and lining 
of walls and roofs , and while the utmost pre- 
cautions were taken, accidents were not 
infrequent Happily, mosl ol these were not 
serious Two men weie imprisoned fot four 
days by a fifty-foot fall of roof, but tfiey escaped 
unhurt 

Labour troubles added to the contractors’ 
dilficulties, and in 1912 they gave up the job 
'I'hc New Zealand Government took over and 



BORED THROUGH SOLID ROCK 

An eight-foot-wide tunnel that was bored through the solid rock on the Arizona side of the Colorado River 
at the Boulder Dam site The large pipe conveyed air to subterranean workers. 
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LINING BUILT HLFORL PHI ROCK WAS REMOVED 
The Yerha Buena Tunnel, whi^h passes ihrounh Iht island of lluil name to connect the two sections of the 
San Francisco-Oakland Bridge, is remarkable in that its lining was built before the tore was dug out 


pressed on steadily with the work until 1914 

Though men and mateuals were both diflicult 
to obtain between 1914 and 1918 excavation 
was continued, and actually concluded about 
thiee months before the Armistice It took a 
further three yeats to line and finish the tunnel, 
and as it had been decided to electrify the 
railw'ay throughout, two more years elapsed 
before it was opened to traffic 

The decision to electrify was influenced by 
the fact that the tunnel has a continuous 
giadient of one foot in thirty-three feet. The 
portal on the east or Canterbury side is two 
thousand four hundred and thirty-five feet above 
sea level, that on the Westland side one thou- 
sand five hundred and eighty-six feet. This was 
considered to impose too great a strain upon 
steam locomotives. 

As the tunnel is absolutely dead straight, it is 
possible to stand at one end and see the other 


as a tiny pm pent of light Incidentally, the 
Dura Tunnel is but one of many on this most 
difficult stretdi of line Within a length of nine 
miles tlieie are seventeen tunnels and three 
viaducts, fine of the latter being two hundred 
and thirty-six fret above the floor of the gorge 
It spans 

One could hardly leave the subject of lailway 
tunnels without reference to the remarkable 
network which carries London’s underground 
railways, especially as this includes the longest 
continuous tunnels in the world 

London’s railways first went underground in 
1863, when the Metropolitan line between 
Paddington and Farringdon Street was opened. 
Strictly .speaking, this line was not enclosed in 
a tunnel but in a cutting which had been 
roofed over. 

It was not until 1890 that the first tube, 
between the Monument and Stockwell, was 
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opened For this line two parallel tubes of 
cast iron, each w'lth an internal diameter of 
ten (eet two inches, were constructed 

In 1900 the Central London Railway between 
the Bank and Shepherd’s Bush was opened, in 
1906 the Bakerloo and the Piccadilly lines, and 
in 1907 the Hampstead Tube This last, now 
knowni as the Noithern Line, has been extended 
to Edgware in the north and M-Oidcn in the 
south, and includes between Golder’s Green 
and Morden the world’s longest tunnel — or 
tunnels, rather, for there aie two tubes. 

EIGHT SEPARATE TUNNELS 

One of the most remarkable engineering 
feats in connection with the development and 
extension of London’s underground railways 
was the construction of a [unction at Camden 
Town to link up the City and South London 
and the Hampstead Tube 
Theie was already a “ flying junction ” at 


this point; that is, one tube above the other. 
The new arrangement necessitated eight separate 
tunnels, along each of which trains would be 
proceeding, at the highest frequency, at 
intervals of a minute and a half. 

WITHOUT INTERRUPTING TRAFFIC 

Two services Irom the south and two Iroin the 
north would meet at the junction, where hall ol 
each service would have to be switched over 
For example, trains ariiving Irom Charing 
Cross would from Camden Town go alternately 
(or as the occasion demanded) to Golder’s 
Green oi Highgatc Similaily, tiaiiis arriving 
from Highgatc would go hall to Chaiiiig Cross 
.ind half to the Bank 

It all appears exceedmglv complicated, but it 
is an actual fact that these eight tunnels, with 
the attendant signalling apparatus, were pre- 
pared wilhoul a single day’s interruption to the 
existing traffic. 
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riRsi RiN(i or j Ml I IRS r sn M I 

Khn at walk on the fit st ring of the tost shall fat the new Thames iiooicl hcltvcen F'ltlleei, f'sses. and 
Daiifjid, keiit The Uaiiiel is to be a mile long 


Of ircrnt years incieasinc; atttntion lias lie<n 
paui to the possihilitv oi luiiiiols loi load (lalliL, 
paiticuiaily foi hiikina impoitanl duties On 
Jul\ 18, 19'5‘1, Kiriir (ieoige V and Qiici n Maiv 
pfilfirmed the oiieinng cercinoiiy ol ll > Miisiv 
1 Linncl, whith they named Oiiecnsviay, and 
th us lirou^ht Liveipoul and Uirkenhead within 
Oj minutes of each other 

I hoiijih not by any means the longest under 
watci tunnel in the world - with its blanch 
tunnels it is less than 2| miles — it can claim lo 
be the largest ol its kind ever constructed, so 
huge IS Its diameter. 

BELOW THE MERSEY 

Buried some thirty-five feet below the bed of 
the Mersey, the Queensway Tunnel is a tube 
forty-six feet three inches m outside diametei, 
with an inside diameter of forty-four feet 
These dimensions are roughly double those ol 
the next largest under-w’ater tunnel 


Om million ti' o hundied ihousand tons of 
eaitii .uid lock win exeat. ited in its making, 
cightv-two ihoiisind tons ol cast non segments 
weie usetl lot the lining lo pi event lloothng, 
powdlul pumps weic kept woiking day and 
iiighl, altogether, they diamed aw.iy o\ei 
thirly-thue million tons of watei duimg its 
consli uction. 

FOUR LINES OF TRAFFIC 
The loadw.iy ol the tunnel is caiiied on a 
central platfoirn, and is tniity-six feet liom 
kei b to kci b 

It c. trues foui lines ol tiall’ir tw'o fast and two 
slow, along which four thousand five hundred 
motoi vehicles travelling ,it twenty miles an 
hour can pass in one hour 

The safety devices m the tunnel ai e niimeious 
Every fifty yards there is a fiie station built 
flush with the wall and colourrd red. Each 
station contains a complete fire-fightmg unit — 
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hydrant, sand-bins and extinguishers — a fire- 
alarm and a telephone. The fire-alarm has an 
automatic device for operating signals to halt 
all tralfic immediately. 

UGHT OPERATES SIGNALS 
On either side ol the road is a nanow railed 
footpath for the use of men whose duty it is to 
patrol the tunnel and attend to its supervision 
and upkeep At the mam entrances there are 
ingenious devices to warn drivers if their 
vehicles are too high to enter the tunnel. 
Vehicles loaded above the maximum height cut 
across a ray of light which, when broken, 
operates stop signals 

The provision of an adequate supply of fresh 
air was one of the major problems, and the 
ventilation system installed cost approximately 
1 , 000 , 000 . 

Air IS admitted in the first instance through 
a deep channel hidden beneath the roadway, 
whence it passes through inlets in the kerbs of 
the footpath, while the foul air is drawn off by 
means of vent paths in six ventilating stations 
situated three on each side of the river In this 
way two million five hundred thousand cubic 
feet of air a minute can be pumped into and 
exhausted from the tunnel 
In April, 1937, work was begun upon a 
tunnel under the Thames to link Purfleet in 
Essex with Dartford in Kent This tunnel, 
which IS designed to ease the traffic problem in 


London by diverting long-distance north and 
south traffic, is to be a mile long and will contain 
a roadway twenty feet wide with paths on either 
side. 

The engineers began their task by sinking 
shafts on either side of the river. After digging 
down fifteen feet they introduced a giant ring, 
weighing some four tons, into each shaft. The 
sharpened lower edge of the ring pressed down 
into the earth, and huge cast iron sections to 
form the lining of the shaft were placed on top 
of it. 

As the weight increased the cutter forced its 
way down Steel girders loaded with five-ton 
weights weie placed on the ring until it carried 
a load of two hundred and forty tons. This 
drove the cutter down to fifty feet, the limit for 
this method 

BED OF THE THAMES IS RISING 

The shafts are eighteen feet in diameter, and 
have been sunk to depths of cighty-two feet and 
seventy-one feet below the surface of the ground 
on the Kent and Essex sides respectively 

Incidentally, at forty feet the workmen came 
across portions of trees which indicated how, in 
the course of the centuries, the ground level of 
the Thames estuai v had risen. The trees 
weie the remains nl an ancient forest. 

At fifty feet a rompressed-air plant capable of 
pumping SIX thousand cubic feet of air a minute 
was installed Later it was necessary to insiall 



MAKING A START ON NEW THAMES TUNNEL 
A boning vessel and a wreck-boat over the site of the new Thames tunnel between Purfleet and Dartford. 
The boring vessel's function is to ascertain the nature of the soil along the tunnel route. 
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ENTRANCE TO THE MERSEY TUNNEL 

The Mersev Tunnel, which was opened in Julv, I9''4. bung', Liverpool and Biikenhead within six and a half 
minutes of eaih other. It is tsvo and three-quartei miles long and has an inside diameter of )oi tv-foui feet. 


additional plant with a caparity of sixteni 
thousand culnc feet a minute 

All this was prehmiiiarv woik only T'he 
sinking of the two shafts was prcpaiatoiy to the 
c oiisfi uction ol a pilot tunnel about one 
(housand one hundred yards in length which 
levealed the exact natuie of the ground uiidct 
the river bed, and was extremely usclul in ascer- 
taining the conditions undei which the main 
tunnel would have to be earned out 

EXPERIMENTS FROM THE PILOT TUNNEL 
It IS possible to make experiments ftom the 
pilot tunnel with a view to so treating the 
suriounding ground that the tunnelling for the 
larger work will be rendered easier and less 
costly. 

The men engaged upon this pilot tunnel 
work in eight-hour shifts, but two of the eight 
hours have to be spent in the decompression 
chamber to obviate the risk of bends, as 
compressed-air sickness is now termed It is a 
wonderful tribute to Sir Ernest Moir’s invention 
that since proper decompression came into use 


there have been no fatalities from compiessed 
air sickness 

The jiilot tunnel, twelve leel in di iinclcr, was 
limit along the same line as the iuturc largc- 
diainetfi vehicular tunnel, which will have an 
internal diameter of twentv-eight lent. The 
niiniinum depth from the bed ol the iiver to the 
top of the pilot tunnel is twenty-five Icet. 

FOR PATROL PURPOSES 

When completed, the main tunnel will carry 
a roadway twenty feet wide between kerbs, as 
well O'- two nariow footpaths for patrol purposes 
Its length will be approximately one mile 
from portal to portal. 

The estimated cost of the whole project is 
3, 500,000, which will be laised jointly by 
three authorities, namely the Ministry of 
Transport and the County Councils of Kent 
and Essex 

In recent times some of the world’s largest 
tunnels have been designed and built for the 
purpose of transporting water, for domestic use 
and the geneiation of electric power. The 
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biggest and longest tunnels devoted to services 
of this kind are those which bring water to 
New York 

As early as 1834 an aqueduct was constructed 
to supply New York City with watei lioni the 
thirty-milcs-distant Lake Croton, which is 
Ibrmed by a dam on the Cioton River. Built 



INSPECTION TUNNEL IN DAM 
An impel lion tunnel, mare than a mile Ions', m the 
Wheeler Dam on the Fennessee River. 


of brick-lined tnasoniv, this aqueduct had a 
total lengtli of 38 1 inik s, with .i i.ill of 43 7 feet 
The continued giowtli of tlic <itv demanding 
an increased supply, authority was gianted in 
1883 foi the constriK tion of the New' Croton 
Aqueduct. Begun in 1885 and completed five 
years latei, this is thirty-one miles long With 
a diaiTietei through most ot its length of twelve 
feet SIX inches, it has a cairying capacity of ovci 
three hundred million gallons For about seven 
miles the watci is undei pressure 
T^e building of this acjucduct was considered 


a colossal task, but it was far surpassed by the 
Shandaken Tunnel, bored through the heart 
of the Catskill Mountains to bring additional 
water to New York. 

Part of a gieat Catskill development scheme 
undertaken at an estimated cost of ^37,000,000, 
the tunnel was begun in the autumn of 1917 and 
was scheduled to be completed in eight years 
Actually it was finished in less than seven. 

UNITING TWO GREAT BASINS 

The object of the Shandaken Tunnel was t 
unite the two gieat basins of the Catskill 
Mountains, the .Scliohai ic and Ksopus Ci eeks 
The Ashok.in Roservoii on tlit Issopus and the 
Catskill Aqueduct had been in continuous 
opcr.ition since the beginning o( 1917, and tin 
icsult of the opening ol the tunnel was th.U tin 
vuld of watci lioiii the Lsopus piiniilicd th< 
diawing of foui hiiiidied million gallons ot 
w.itcr a day Irom the .\shokan Reseivoii ,ind .n 
the same time the storage ol watci time to lx 
I cplcnished 

Roughly horseshoe in shape, thi .Slrindaken 
Funnel is 10 1 miles in li ngih, tlcven het six 
inches high and ten led thin indits wide It 
h<is a cairsing i.ip.uilv ol about six huiidiid 
tnilhon gallons a d.iv 

It tiappi IIS sometimes that the contoui ol 
the nioiiiit.uns tliioiigh which .i timiiel is to b' 
bored is sue h as to pi i mil the w oik to b( can ii d 
on in two oi nioie sieiiotis simullani oiisK 
Thiswasthi e.isewith the Floi i nee Laki 1 uiiiul 
in Ckililoima, the longest tunnel ol its boie in 
the world 

BORED FROM THREE PLACES 

Neal the ceiiti e ol the mountain mass thiough 
which the tunnel was to be diivcn it w.is found 
possible to dull two entianees from side canyons 
E.xe.ivation pi ot redid simullaiieonslv m tliiee 
see turns, with the lesult that the entiie tunnel, 
lint teen miles in length and (ilieen feet wieli', 
w'as hejicd in less than five years 

The pill pose ol this lengthy tube was to 
increase the sujiply of eleetiiral poeeer loi 
Califoiiiia T he main existing source of power 
was an artificial reseivoir called Huntington 
Lake, it was decided to construct another 
reserv'Oir — Florence Lake — about thirteen miles 
distant on the otlier side of a lofty ridge called 
the Kaiser Ciesl, and to link up the two. 

Moie than the usual difficulties had to be 
contended w'lth in cairying out this feat of 
engineering, lor in wintci the snow lay heavy 
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on the hills, and at times the only means ol 
communicaticin the workers had with the outside 
world was hy Alaskan dog teams. 

So exact are the calcul.itions of engineers 
that when two parties W'orking iiom the ends 
of a tunnel meet in the centie thcie is seldom 
a variation in the ground level or the alignment 
of the sides of moie than a few inches In the 
( ase of the first stcloi ol the Florence 1 unnel 
the at curacy was almost uncaiiiiv, loi when 
the two crews met the difleiencc lictwceii 
their centre lines w,is only about one thiitnMh 
ol an inch 

INCORPORATING A EOCH 

The greatest watei-caiivnig tunnel in the 
British Isles is the Ben Nevis, which loims pail 
cil the great Locliabei hvdio-clec ti ic svstein 
supplying pcnvci lo die aluiiuiiiuin failoiv 
iieai Foil William in Invet iiess-shiie 

In 1021 lilt Lochabei Pcnsei (loinpanvwas 
aulhoii/'cJ by Art ol Pai liaiiient lo icmsliiict 
twcnlv dams and twciitv-six miles ol ac|iitduc (s 
loi ihc collection of watci hoiii the tliiec hun- 
died squait iriilcs ol mouniaiiicius country in 
lincrness-shite 

Iinpoitaiit icalures oi the scheme ate Luge 
darns acioss tlie Rivers Sjieau and 'Iieig 'Ihe 
lust ol these, c.ilic'd the Laggaii Dam, loinis a 
lescrvoii twelve miles long bv hall a mile wide, 
in v\hich Loch L.aggan has Ixeii incoiixuatc'd 
The second, lieig Dam, iiiscci llii level i.l 
J/ieh 'I nig by Ihiitv-five l<^i 

1 licso 1 esersoii s.\c liic li logc the i h.ivt a sloi.igt 
ta|)atity of siM\ niilloii gallons ol w.iUi, an 
linked liv a tunnel 2^' mills long and louitccii 
Ice I SIX inrhes in cliariietci Flic ptiiposi ol 
die Ben Nevis'lunntl is lo toiivcy w.itii horn 
Loch Iicig to the western slopes cil Ben Nevis, 
whence huge steel pipes eaiiv it down the sleep 
hillside lo the powei house 

LARGEST DIAMETER IN BRITISH EMPIRE 

Thiee miles shoiter than the .Shaiid.iken 
7'unnel, the Ben Nevis, with a diainetci of 
filtecn leet, is sulistantially higher and widei 
It has the distinction ol being the largest of 
Its kind m the British Empire 

The tunnel was bored simultaneously in 
twenty-three sections One ol these was begun 
at the Fort William portal, eight were started 
from four vertical shafts, and fourteen irom 
seven adits, as horizontal or almost hoii/outal 
entrances are called. 

These shalts and adtts formed an integial part 

M \l G* 


of the scheme, being designed as intakes to draw 
supplies ol waiei from rivers on the north side 
ol the Ben Nevis range 
'I'he work involved in the construction of this 
gigantic tunnel w'as colossal .Some one million 
foul hundred and fifty thousand tons of rock 
weie cxcav.itetl, and upwaicls of loity thousand 
Ions ol cement used to line the tube. 



IRON WORM FOR TUNNELLING 
A lolw 1 drill for boriiif; small tunnels and installing 
pipes under roads and railways 


Elev en camps len workers liad to be estab- 
lished, some of them in bleak .ind remote spots, 
in addition lo a mam base at Fort William 
’1 wenty miles ol narrow gauge railway had to 
be laid, some ol it up to a height of one thousand 
two hundred feel above sea level, to link up 
these camps 

A temporary hydro-clertrir station had to be 
built to supply power lot the compressed-air 
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apparatus and the domestic needs of the camps. 
Each of these latter had to have in addition an 
adequate water supply, sanitary arrangements 
and medical facilities. 

The survey work previous to the boring was 
exceedingly complicated, as the line of the tunnel 
was to lollow the contours of tlie mountain. 
Yet the whole job was earned through in a 
comparatively short time. Boring began in the 
summer ol 1 926 and the tunnel was completed 
in December, 1929. 

USED FOR DIVERTING RIVERS 

Another purpose for which tunnels are used 
IS that of diverting rivers One of the earliest 
examples of this dates Irorn about a d 300, 
when a stream near Silencia in Asia Minor was 
thus diverted 

Among recent undertakings of the kind the 
burying ol the Dcs Peres River in America 
and the Rove Tunnel in southern France are 
notable instances 

The normally placid Des Peres had a habit 
of suddenly becoming a raging torrent, capable 
of causing considerable destruction. It was 
accordingly decided to confine its waters in a 
tunnel thirteen miles long 
< The l^ove Tunnel is pait of a plan to link 
the Mediterranean with the North Sea It 
connects the old and new ports of Marseilles 
with the Rhone Canal, and so with Central 
France, Switrerland, Germany and Holland 

Begun in 1911, the work was considerably 
held up during the World War, and it was not 
until April 25, 1927, that the tunnel was opened 

LONGEST CANAL TUNNEL 

Rather moie than lour and a half miles long, 
it is the longest canal tunnel in the world, and 
probably the widest. Oiiginally designed to 
have a width of fifty-nine feet with a four feet 
eleven inch towpath, the plans were altered to 
give a width ol seventy-two feet two inches, 
with a towpath six feet six inches wide. 

With a height of fifty feet six inches, the canal 
can take vessels of one thousand two hundred 
tons burden In the southernmost section the 
water is nine feet ten inches deep, allowing 
for the passage of sea-going barges with beam 
up to twenty-six feet three inches. 

Sufficient instances have been given in this 
chapter to show that the work of the “ sand- 
hog,” as the tunneller is called in America, is 
always arduous and generally dangerous. 

The physical strain of working in a tunnel in 


which a compressed-air plant has been installed 
is great, and special precautions have to be 
taken against it The tunncller’s hours are 
carefully regulated; when the pressure is 
between twenty-two and thirty pounds to the 
square inch he normally works only six hours in 
every twenty-four. 

WORKING NINETY MINUTES A DAY 

These six hours are divided into two periods 
of three hours each, with not less than an hour’s 
interval between. As the an pressure is raised 
the hours of work grow less Two hours only in 
twenty -four are worked when the pressure, is 
forty to fifty pounds to the square inch. The 
shifts in this case are an hour each, the inter- 
vening rest period being four hours When the 
pressure is between forty-five and fifty pounds, 
woik IS lor two periods ol fofty-five minutes 
each, with a rest period in between of not less 
than five hours. 

One of the most terrifying dangers is a “ blow ” 
“If something goes wioiig,” savs Mr Rowell 
I’homas in his Men of Danger, “ if the hood of the 
shield stiikes a buried pole in the river-bottom 
. . if there is some exceptional formation of 

sand, a fissure will form in the wall The 
enormous surge of air in the cylinder will widen 
It With an explosion like a monster piece of 
artillery, the an will escape and imme- 
diately thereafter those tons of water and sand 
will rush into the cylinder I'hat is a 

blow.” 

DICK CREEDON’S MIRACULOUS ESCAPE 

Mr. Rowell Thomas goes on to tell the story 
of an escape from a “ blow ” that has become 
almost legendary in the United States. 

“ If,” he says, “ a man is m the head when 
the ‘ blow ’ comes, his chance of suivivmg is — 
well, it’s nil But Dick Creedon did it 

“ Apparently there was no warning — no 
trembling and oozing The wall of sand simply 
gave way Dick Creedon and two others were 
in the head The air from behind whirled them 
out and up into the sand like human projectiles 

“ Somehow — only God knows how — Dick 
Creedon was boosted up and up through the 
silt into the icy water, on up and up to the 
surface And when he shot out of the water, 
high in the air, and then dropped back into 
it — he was actually conscious ! He just 
shook himself, took a deep breath, and swam 
ashore.” 

Ndther of his companions were seen again. 




BUILDING NEW DOCKS FOR GIAN I LINERS 
A general view oj dock-cxtenMon woiks al Southampton non completeJ The •scheme, which was i sttniatcci 
to cost X.12,000,000, involved the reclamation of two handled acres of niuddv land from the River Teel 


PUMPING A SEA DRY 


S AVER of life and dealer ol dealli, Inend and 
loc, blessing and curse Such is watci As 
you read these lines pumps ag^uttatine 
millions of horse-power aie workini; in the tour 
quaitcrs of the w’oild to obtain water or to qct 
nd of It 

The sea has been lor the most part an ally 
ol the United Kingdom It has helped to keep 
eneni) nations at bav In a period of tlmly-livc 
yeais Great Britain gained forty-eight thousand 
acies and surrendered six thousand six hundred 
and forty. Yet in his petulant moods Father 
N( ptune can be very angiy Gales or high tides 
hack at the cliffs and often cause heavy falls 
Trimingham, Norfolk, lost eighty thousand 
tons of boulder clay in forty-eight hours, and 
neighbouring Sidestrand sixty thousand tons in 
a day At Lowestoft massive concrete blocks 
forming part of the sea wall have been vs reached 
away and tossed about like pebbles 
The Goodwnn Sands, on which many a stout 
ship has met her doom, was good rich earth 
until It was inundated in 1099, to the disgust 
of Earl Goodwin, who thei _'by lost an estate. 
Dunwich, once a flounsuing port and the 
possessor of a cathedral, lies fathoms deep off 


thf toast of East Anglia. At least a dozen 
Yoikshiie towns and \ dlageshavi hi t n drowned 
Ravenspui, whi-re lleniy lY l.mded when he 
r.une tooveithiow Richard II, was am ol them 
It w.is biggei and more impoitaiil than Hull 
.\ccordiiig to .V caicful < stmialo at least sixty-six 
thousand an es ol Yoikshiit have been swallowed 
by the Noith Sea during our cia 

The same natuial fon es that tear down al).o 
liuild up Sea and wind will huil twenty 
thousand tons of mateiial on the foreshore, as 
they did at Fleetwood a lew years ago The 
great baiiier known .is the Chesil Beach, whuh 
extends for seventeen miles from the Bill of 
Portland to Bridport, was created by Father 
Neptune, who on occasion would appear to 
regret his patient work, for in September, 1883, 
the sea broke over the mighty rampart and 
sulmierged the railway betw een Pot tland and 
Weymouth Although m places the ridge is 
nearly forty feet high, a large vessel was hurled 
over It during a terrific storm in November, 1824. 

Sandy Hook, the famous spit ol land at the 
entrance to New York Bay, was built up by 
sand and silt gradually filched from New Jersey. 
The United States Coast Survey Commission. 
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avowed m 1857 that if the process continued 
“ the destruction of New York Harboui might 
ensue.” An earthquake which caused the sub- 
mersion of the island of Paleoweh, in the Dutch 
East Indies, is believed to have been responsible 
for the sea receding a mile near Alleppey, 
Travancore. Adria, which gave its name to 
the Adriatic, is now some sixteen miles from 
the coast 

COUNTRIES RISING FROM THE SEA 

Labrador is slowly but surely i using from the 
sea, evidence of which is furnished by raised 
beaches with different levels Norway, a country 
of mountains for the most part, is also adding to 
Its stature Nearly half of the soil of Holland 
IS below sea-level But for the indefatigable 
doggedness of the Dutch it would have 
disappeared long ago 

In England people often ask whv the Wash, 
that huge broad bay which separates Lincoln- 
shire from Norfolk, cannot be di allied The 
answer is that it is being drained, but verv 
slowly because the first pai l of the work has to 
be done bv the sea, and no one has yet disc oveic d 
a way of hurrying the sea 

rhe sea is letreating fioin the soutli of the 
Wash, driving itself ba< k bv the deposit of silt 
which It leaves on the shoit Not until ibis 
deposit has been laid is the land worth le- 
elaiming Kveiy now and then engmecis build 


a wall acioss a sufficiently silted portion; the 
water kept back by this obstacle deposits its 
silt a little farther out — and so the process goes 
on, controlled in tipae by Nature’s monumental 
leisureliness 

Meanwhile larger and more immediately 
profitable schemes of reclamation are being 
pushed ahead with further inland Man has 
been draining the Fens off and on lor tw'o 
thousand years— all the land between King’s 
Lynn in Noifolk and Ely in Cambridgeshire 
was once a marsh — but since the Land Drainage 
Act ol lO'IO the woik has progressed with vigoui 

This Act divided the lens into catchment 
areas, that is areas fiom which surface water 
diains respectively into the rivers flowing to 
the Wash , and in these areas cfrainage of the 
land IS pioc ceding side bv side with deepening 
ol the rivers and the rebuilding of training 
walls which confine the water m definite 
channels 

HUNDREDS OF TONS \ MINUTE 

A fine achievement was the installation at 
Wiggeiihail St Ceimaii, Norfolk, in 1934 of a 
povveilul puni])ing vtation, said to be the 
largest ol ils kind in Eniopi Its pumps, forty 
feet high but sunk Iw entv-tw'o feel in the ground, 
deal with eight liundied and filly tons of water 
a minute, and au t.ipidly salving more than 
one linndied ind sewntv' thousand aeies ol 



SOWING RICE-GRASS IN ESSEX SWAMPS 

SparUm, or nce-grass, is a valuable allv of man in his efforts to leclaim land fioin the waters It helps 
to bind the sod and turns swamps into grazing land. 
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MAKING AN ARTIFICIAL ISLAND IN THI NORTH SEA 
On iandbanks that were siibiiiciaed except at low tide islands base been hinli up bv planting bnulnig weeds 
and glasses and In sticking ri houghs of tices to keep the sand frm 


land \Va5U‘ will eventually give place to wealth 
In view of the lac t that the gieatebt diainagi 
schemes the Fins had piiviouslv kiumn 'wit 
earned out between l(j22 .tnd l(>j(> !>> a Dutch 
engineei, Sir Coiiielius \'e' inu'..li n (ht w 
larghtel 111 1029), it n viiv nlKiestiiig to 
leain tliat in the piesent sclnnus iht Catcli- 
rnent Boaids ate ittciving the assistaaee ol tin 
Dutch, who ait leaching the Binisli enginttis 
how to build einbankinents aecoiding to the 
methods so sueeessiully emploved in Holland 

FORCED TO WALK ON STILTS 
Incidentally the iaigesl model ol a tidal river 
in tile world is at Uainwell, near (lainbiidge, 
housed in a special budding that is seventv- 
thiee leet long and fiftv-five feel wide By an 
ingenious, electiically diiven plungei weighing 
twelve tons the vvatei is made to rise and lal) so 
that experts may study the many pioblems 
connected with their difficult task 

In the past twenty years France and Germany 
have applied modern engineering skill to the 
transformation of vast tracts of maishlands 
France has paid consideiable attention to 
clearing swamps of weeds so that they may be 
used as fish hatcheries So far back as the 
time of Napoleon I, part of the distiict ol the 
Landes, which was so wet that people went 


about on still:>, was planted with biooni and 
pint, with ihi Ksiill that todav hundieds oi 
thous.inds ol uiis havt bien nclaiiiiid 
Dining ihi Woild VVai ship-loads ol timber 
piops w( i>* sent liom tin Dcpaitmeiit ol Landes 
loi iisi III F.nglish (oal mines 

Giiiiianv has hi in busv tut ling peat which 
lovcis thousands ol 'fjii.ue miles Iringmg her 
low-lying iioithiin coast I his is used as lucl 
and loi making laidboaid, papci, disinleclanl 
•ind gas VVheii the ground is cleaied it is 
emplovid loi laimmg puiposes 

Inipoilaiil as they ait iii their way, these 
schenus air dwaifed into comparative msigni- 
ficaiite when consiih ted in relation to those 
which have been undertaken in Holland and 
Italy 

THIRTY VILLAGES OVERWHELMED 

The coast ol Holland is penetrated by 
tiumeious long and narrow inlets Some six 
hiindied years ago the sand dunes protecting 
the northern coast-hne of the inlets were 
suddenly swept away by the North Sea The 
surging waters joining up with the two great 
lakes of Flevo and Wiermgen, overwhelmed 
some thirty villages and brought death by 
drowning to many thousands of people. Thus 
was foitned the Zuider Zee. 
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It was a tragedy iron) which the Netherlanders 
did not recover for very many years, and from 
which they saw no possible way of freeing 
themselves. Time and again the desperate 
needs of an increasing population urged 
attention to the possibility of reclaiming this 
vast inundated area Ways and means were 
discussed Many projects were brought forward. 
Some were good; many were impracticable. 



ROPE OF SAPLINGS 

To help m reclaiming the Zuider Zee. Such ropes 
give anchorages to the .soil fillings. 


Finally, m 1918, the burgesses decided that the 
time for arguing was long since spent 'Fhey 
would postpone no longer. So the order was 
given to enclose and in part restore what had 
once been valuable fertile tcnitory Instead of 
elbowing and wainng with their neighbours for 
additional loom, the Dutch would battle with 
the waters Two years later the first boat-load 
of earth was dumped. 

The plan of the engineers was to reduce the 
inland sea, with its area of eight hundred 
thousand acres, into a lake measuring two 
hundred and fifty thousand acres. The remain- 
ing five hundred and fifty thousand acres were 
to be reclaimed 

The lake was to have a double function. In 
the first place, it was necessary for the reception 
of the waters of the rivers which were emptying 


themselves into the Zuider Zee; in the second, 
It would be used as a vast reservoir for the supply 
of water to the drought-harassed country. 

When first formed the lake would be salt, 
but before long the ^influx from the sea having 
ceased, its waters would become fresh. To 
prevent the lake from overflowing it was to be 
provided with a number ol sluice-operated 
oudets to the ocean. 

DAMMING THE ZUIDER ZEE 
Such, in broad outline, was the Zuider Zee 
project It was estimated to cost ^80,000,000 
and to be finished within twenty years The 
fact that It involved the carrying out of dam- 
ming operations on an unheard ol scale did not 
disturb the Dutch engineers, for had not they 
and then ancestors been fighting the sea for 
centuries^ They had taken Fathci Neptune’s 
measuie and they were confident of success 
After years of reseaich, surveying and experi- 
ment, the project was put in hand in 1920 
The first, and most diflicult, part ol the work 
was the erection of a twenty-mile dam Irom the 
mainland of North Holland to Fiiesland 
Huge rafts, known as sill dams and consisting 
of brushwood on which was piled masses of 
rock, were put together in a speciallv con- 
structed dock Eath sill dam measured three 
hundred and fifty feet bv eighty leet, and was so 
heavy that it only just floated When completed 
It was towed out to the site of the dam and 
there sunk by having more rock piled on it from 
barges Hundreds ol these sill dams weie 
lowered to the ocean bed until they stretched 
in a continuous line across the gaping mouth ol 
the Zuider Zee. 

FIGHTING THE SEA 

Then a vast fleet of tugs and barges began 
to transpoil thousands of tons of heavy loam 
and stones Irom the shore to the line of the dam. 
The angry sea hurled itself on these obstructions, 
doing Its best to .sweep them away But all 
Its efforts were in vain. Pound aw'ay as it 
might, the ridge rose higher and higher until 
its top was only just beneath the waves and the 
frustrated tides were forced to swirl over it as 
the waters of a shallow but broad and swift- 
flowmg stream tumble over the boulders in its 
bed 

The submarine ridge completed, the next task 
was to raise its top above the water The upper 
part was formed of earth, brick and concrete. 
Slowly but steadily it grew until it stretched 
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STAGES IN THE CONQUEST OF THE ZUIDER ZEE 
(Top) Reclamation operations in October, 1931. (Bottom) After the official opening of the great barrage 
Joining the mainland of North Holland to Friesland in September, 1933 Not many months earlier the 

site of the bat rage was covered by water 
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right from the mainland of North Holland to 
Friesland. Crowning the dam was a mighty 
concrete motor road, parallel with which a 
railway line was put down. 

On one side lay the sea, sulkily heaving as 
though bitterly resentful ot its defeat, on the 
other lay eight bundled thousand acres ol calm 
water — water that w.rs still salt, but no longer 
sea, and that would in time become the Zuider 
Lake, having lost not only its saltncss, but 
nearly three-quarters of its area 

FARMS ON THE SEA BED 

Already the engineers had started woi k on the 
reclaiming of the first poldei, filly thousand 
acres in extent Round this area they built a 
huge dyke, composed of hundieds of thous.uids 
of cubic yards ot earth On the maml.ind a 
gigantic pumping-slation, with a daily capacity 
of one thousand niilhon gallons, was erected 
For SIX months it woiked ceaselessly until the 
mud at the bottom was exposed f'licn diedgets 
went into action to excavate ditches in the 
mud, so that the remaining water could be 
drained aw'ay 

Altci the dredgers came motor-driven ploughs 
to mix up the mud and sand and prepaic it tor 
the reception of thousands of tons of Icitih/.eis 
The first ciops this new land bore were glass 
and svecds, planted to bind the too Iriable soil 
together Aftei that haid\ lyc was planted 
T oday crops ol many kinds gitnv iheic 


The work of reclaiming the remaining half- 
million acres is still being carried on. When the 
whole vast undertaking is completed, farms wall 
stand on what was formerly the bed ol the sea 
and thcie three hutidred thousand people will 
find work The fertile land area of Holland will 
have been increased by one-tenth, while the 
lake will prevent the occurrence of di ought over 
a l.iigc area of the country. 

For months at a time thousands of sturdy 
wot kmen have fat ed every kind of weather, 
often enough with no more than a few planks 
oi a miniature sandbank on w'hich to stand 
Many of them live in huts which are visited 
pci'odic.illy by a floating groc eiy store Some 
find quartcis on .1 warship which has been 
placed at then disposal. Moving pictures and 
radio arc piovided whenever possible. 

COVERED WITH ICE 

During th( wintei ol 1928-29 the Zuider Zee 
was cove lid with ici , and the settlement on 
Dc Oucle Zciig had to lie abandoned foi a time 
It was hared that when a thaw set in grave 
dainagt would be clone lo the woiks, but the 
daiigei was sui mounted I’alhe! Neptune had 
shown how e.isv il w.is to dam the Zuider Zee 
— hut onh K ni))(ii .11 ilv 

Anothei am.i/ing leal was the reclamation of 
lh< Ihintiiip M.iislits J'his IS a vast tiact ol 
some two himdicfl thousand acics ol cvhat was 
foiinciK le\ei -iiddi II swamp in Western Italy, 



THATCHING RECLAIMED LAND IN SCOTIAND 
Workmen jrom the Netherlands thatching a hank of reclaimed land at Leith, Scotland. Assisting in the 
extension of the Leith Docks, they use reclamation methods that have been known for centuries in Holland. 
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RPCLAIMING THE SWAMPY PONTINE MARSHES 
(Top) Site of the new town of kahoiidia in I**.)! (Bottom) Sahaiidiu in 1934 The Pontine Monhes 
covcied an area of two hundred thousand aire^ Their leclamatioii i^ esl'inatcd to tow 1 00 ()0I),(X)0 


cxlriidiiig along the coast between Cisterna on new- toad was Use II a stumbling blotk, lot it 

the noith and Tenacina on the south Long lieiaine a baniei to the Iki How of tin watti 

bdorc the Christian era the Pontine Marshes to the sea anti thus letaideJ .iny possibility ol 
w Lie a desolate waste, and through the seemingly hittiit natural di.iiiiage It is stated with some 
endless centuries they remained ahriost devoid digice ol plausibility that niahuia, due to iht 
of human habitation Only a lew score poor piesente ol the Pontine Maishcs, had much to 
and wretched people, waging a hopeless conflict do with the fall of ancient Rome 
against malana, made their homes within tlie Kings and empeinrs, popes and piinees, 
waterlogged coniines Statesmen and scientists in tiiiii gave ihepiohic m 

As long ago as 442 b c , when the Vha Appia then niatuie thought They pu/aled and 

was built, an attempt was made to leclaim the experimented Faihnc was the answer to all 

marshes. Then it was realized that the great tlieir attempts. 
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The devastating years of the World War 
came and went. The conflict slew its millions, 
as the mosquitoes of the great death track had 
slain theirs In 1918 the problem of the marshes 
was again brought up for consideration. It was 
approached from a new angle. 

Under the scheme prepared by the Civil 
Engineering Department of Rome, the entire 
region was divided into two large zones, the 



EXTENDING SOUTHAMPTON DOCKS 
The “ wells ” through which grabs scooped out the 
foundations sixty feet below the rivet -bed 


Piscinara Zone on the right of the Rivei Sisto 
and the Pontine Zone on the left of that water- 
way The works required in the latter zone 
were to be executed by the Pontine Land 
Reclamation Consoitium and those for the 
other zone by the Piscinara Consortium. 

Eight years passed before the plan was actually 
put into operation Then reclamation proceeded 
apace. The consortiums built a network of 
splendid roads, constructed large connecting 
canals, erected water-pumping stations, regu- 
larized the coastal lakes and levelled depressions. 

Meanwhile, the assistance it was hoped would 
be received from the landowners had fallen 
far short of expectations. TTiey did not seem to 
be particularly interested. Orders were given 


to the effect that the cultivation of the reclaimed 
land was to be entrusted to the National 
ex-Servicemen’s Association. 

The association entered into the scheme with 
such enthusiasm and rapidity that on August 28, 
1931, a royal decree was signed allocating 
forty-five thousand acres of land to the associa- 
tion, on November 10 the breaking-up of 
fifteen thousand five hundred acres of woodland 
was begun, and on the last day of the following 
June the commune of Littona was founded 

FIRST WHEAT THRESHED 

Littoria and its first gioup of farmhouses was 
inaugurated on December 18, 1932 Other 
memorable dates m this gigantic scheme of 
reclamation are April Ui, 1934, when the King 
of Italy inaugurated the second commune ot 
Sabaudia, December 18, 1934, which witnessed 
the inauguration of the province of Littoi la , 
June 27, 1935, on which day the first wheat 
grown at Sabaudia was threshed and an irriga- 
tion canal system was opened, December 18, 
1935, when Pontinia was inaugutaied, and 
April 25, 1936, the day on which the fourth 
commune of Aprtlia was founded 

In three years (1931 -1933) the National 
e.x-Servicemen’s Association was responsible fot 
the building of two thousand and sixty-si\ 
homesteads, two hundred and fifteen miles of 
roads, eight hundred and fifty miles of canals 
and five tliousand one hundred and twenty-fi\( 
miles of ditches In addition, one hundied and 
three thousand acics of land were pioiighed, 
fifty thousand acres of woodland cleared and 
fourteen new' villages built 

ITALY'S NINETY-THIRD PROVINCE 

This colossal scheme of reclamation, building 
construction and cultivation is still proceeding 
It IS estimated that its completion will not he 
1 cached for several years, and that more than 
/)100, 000,000 will have been expended on it 

Nobody questions the gieatness of the bene- 
factor of mankind who can make tw'O blades ol 
grass grow where only one giew before 
Equally inipoitant is the woik of civil engineers, 
by who.se skill and inflexible purpose waste and 
desolate land has been made to provide the 
kindly fruits of the earth in rich abundance 
And that is only pait of the work which has 
been achieved in converting the centunes-old 
Pontine Marshes into Italy’s ninety-third 
province. 

The menace has become the miracle. 




BRITISH HOLDFR Ol ATLANTIC RLCORD IN 1938 
The Queen Mary has, an overall length of one thouuinci and twentv Jeer and is one handled and eighteen feet 
wide Her height from keel to niainniast is two handled and thiriv-foiir feet. 


MONARCHS OF THE SEVEN SEAS 


A CITY With a populatuiii ol one hiind' ■' 
and fifty thousand !■< no iiiconsidci.iblc 
place Imagine evciy inhabitant an 
adult and busily engaged on a job connerted 
witli the budding and fuinidung of single 
ship Now sou have an idea ol the nuinbei 
of people who bi ought the new Mauretania 
into being 

Her place of origin was Birkenhead This is 
appropriate, because the first steamer to leave 
nearby Liverpool sailed in 1838, and the new 
Mauretania was launchid in 1938 The Royal 
William vs'hich breasted the waves a cent uiy ago 
was a paddle-wheeler She excited a great deal 
ol admiration, for she was a sturdy ship of eight 
hundred and seventeen tons, and on occasion 
reac hed a speed of ten knots The Mauretania is 
of thirty-three thousand tons — over forty times 
that ol the earlier pride of the Mersey Many 
ot the individual iron plates ol the former are as 
long as the Royal William was broad, yet the 
new-comer is a pygmy compared to the Queen 
Mary and her sister ship the Queen Elizabeth, each 
ol which is of over eighty thousand tons. These 


may be rigardcd as out-si/e vessels, the giants 
ol the lace They repiesent tht pt.ik ol piogress 
but thev are not trulv represi ntauvt 

Building a laigi passengei hnei, or indeed a 
huge ship ol .my desriiplion, is a long and 
exceediiiglv i oinplicaled task As a rule, work 
pioceeds steadily Irom start to hnish, and so 
exact aic the calculations ot modem naval 
architects and engineers that it is possible to tell 
almost to a day when each stage will be lOin- 
pleted Inlciruptioiis such as the long and 
dreary wait ol nearly two and a half years 
during which the Queen Mary lemained gaunt 
and alone m the yard seldom occur 

Bearer of one of the most honoured names m 
the history of Atlantic ci ossings — her predecessor 
held the Blue Riband ol the Atlantic lor nearly 
twenty years — the latest Mauretania has the 
distinction of being the largest liner constructed 
to date in an English shipyard She w'as built 
by Messrs. Cammell Laird & Co. at Birkenhead, 
in the same slipway as the great British battle- 
ship Rodney. 

Fourteen months elapsed between the laying 
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of the keel of the Mauretania on May 24, 1937, 
and the launching of the hull, and a vast deal 
of work had to be done before even the keel 
could be laid 

Plans and specdications, exact down to the 
slightest detail, had to be picpared These 
involved nuincious experiments to test wind 
and water lesistaiice, strains and stresses of 
evciv kind, the i elation oi engine capacity to 
design and si/e ol hull and a multitudinous 
variety ol olhei matters 

TESTED IN A TANK 

Duiing these eaily stages designeis of ships 
today lend to make itiri easing use ol the test- 
ing lank in which models ot their protected 
vessels aie tiled out Perhaps the best known 
testing tanks m Biilaiii arc those at the William 
f'loude Laboiatoiy at the National I’hysical 
Laboratorv at f'tddiiigton in Middlesex 

The Allred V'arrow Tank, named alter its 
donoi, IS five hundied and fifty left in length, 
thnty feet wide and 12 3 feet deep Models 
tiled out on its waUis aic made of p.traffin 
wax and varv in length Irom fourteen to twenty 
Icet Hie tank is er|uipped foi measuring, 
among othet ni.utcrs, tin eflort of waves upon 
hull lesistanee and pioptllci efiicieiitv, lesist- 
ance, inm and wave profile ol <uiv ship-shaped 
forms, and the steering value of vanous types 
ot ruddets 

The lank presented by the Government 


in 1932, is six hundred and seventy-eight 
feet in length, twenty feet wide and nine feet 
deep It IS better suited than the Alfred 
Yaitow Tank for high-speed work, the motor- 
propelled carnages used to tow the models 
being capable ol 33 J feet pei second. 

There is also at the laboratory a propeller 
tunnel lor making tests of propellers under 
varying piessure conditions It consists of a 
closed w'aler chamber or pipe in the form of a 
vcitical hoop sixteen leet in length with a 
diameter averaging thiee leet 

The laboratoiy undei takes everv kind of 
test and research work connected with the 
powci, piopulsioii, steering and behaviour at 
sea of ships As an example ol its uselulness, 
tests earned out upon nine ships in .1 single- 
year rc-sullcd in a total reduction in luel costs 
of^8,060 

TWO AND A HALF MILLION RIVETS 

On the sli|)way at Biikcnliead ovei four 
thousand cubic fc’fl ol pitch pine had to he 
placed in position as keel lilocks on which the 
hull of till new Mnwelania w'ould rest Dming 
const! uction a luithci six thousand culiic leet 
wete icc|uiied as ‘ shores ’ to take the bottom 
and lowei side weight of the vessel, and five 
ihoiisarid cubic led ol planking to keep the 
hull ■“ fan " lo her liiu s 
'Ihousatids ol tons ol stci 1, largely in the 
shape ol plates thirty liet long, seven feet wide 



PROUD INHERITOR OF AN HONOURED NAME 
The new Mauretania, launched in 1938, Built by Meisn Cammeli Laird & Co at Birkenhead, and with 
a tannage of thirty-three thousand tons, she is the largest liner ever constructed in an English yard 




TESTING A SHIP-MODEL Il'I A TANK. 

At the National Ph\iua! Lahoiatoi r, Tecldin^ton, Middlesex 'Hu lahnatoii iindci lakes even' kind of 
icieanh mnk in conneition sxitli the ponei, piopuhion, sieeiing and stability of .ships. 


and 3 J tons in wi i^ht, vvitp pul into thf hull 
ol the Maurrlaiiia I'o lasli’n these into position 
two and a hall inillioii nvets wcie iim il put 
i nd to end the\ \sould sliclth ovei one hundred 
and hfty miles While the ship was heini; 
Innlt four expei t workmen did nothing rhe 
but walk round testing the rivets us they were 
punched home It does not rer(ui!T much 
imagination to ajijireciate the impoitance of 
this particular job, loi although a rivet is sm ill 
It IS an important, if unassuming, member ol 
a ship. 

SIXTY MILES OF STAGING 
Sixty miles of staging was required for 
workmen's platforms, and the pamteis used 
over three hundred gallons of paint on the 
exterior of the hull. Diiven by Parsons single 


leduitioii geaud tin bints it look ne n ly three 
months ol csjiei t Kiboiii to t til ihehvi hundied 
teeth 111 earh ol the twii main gear w heels, whit li 
are the largest tvtr coiisli uett d loi a hmi 

ALL BRIIAIN CONTRIBUirU 

Each wheel is lottv-six leel m cn t uiiih lemt , 
filtri n Icet in diainelei and weighs (ightv-li\c 
Ions Yet each tooth had to he cut to an 
atcutary ol one himdied-thousandth ol an null 
'fills job was supers ised by exjxits continuously 
both d.iy and night. 

Equipment lor the Mauretania came from all 
ovei Hritain. Tlie giant castings, whii h included 
a rudder and stock weighing about mnetv tons, 
shalt biackets ol foi ly-fivc tons wi ight each and 
a stem frame weighing about lolly tons, wctc 
made in Darlington The sled shafting lor the 
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INSIDE STORY OF THE QUEEN MARY 
She has twelve decks, and provides accommodation joi some two thousand cabin, tourist and third-class 
passengers. Her crew numbers over a thousand Eathof her four piopelleis cost about 000. 


propellers, some three hundred feet of it all told, 
came from Sheffield The twin propellers, the 
largest ever forged for a ship of the size of 
the Mauretania, and equal in si/e to those of 
the Queen Mary, were cast in London Each 
weighs no less than twenty-five tons 

REPLICAS OF THE ANCHORS 

Mention of these items gives but a slight idea 
of the multitude of people m a large variety of 
occupations which is required to make ready a 
great liner for the sea. As already noted, it 
was estimated that from start to finish some 
one hundred and fifty thousand workers in one 
hundred cities and towns had a part in the 
construction, furnishing and equipment of the 
Mauretania Of these only about five thousand 
were actually employed in the shipbmlding yard 
at Birkenhead. 

Some of the jobs which had to be done would 
surprise the uninitiated. One takes it for 
granted, for example, that a ship must have 


anchors and cable chains, but one hardly expects 
to hear that m order to decide the exact size 
and design of these lor the Mauretania it was 
necessary to construct and erect in the ship- 
building yard a full size replica in wood of 
one side of the ship’s bow, complete with anchor 
recess and hawsc-pipe, and to add to this full 
size replicas of the proposed anchors, with 
specimen links of chain 

ALL THE NEWEST IDEAS 

Still, if one IS going to order three anchors 
weighing ten tons each and neaily three miles 
of cables and hawsers, it is just as well to make 
quite certain that they are going to be exactly 
what IS wanted. Hence the expensive repheas, 
and the numerous demonstrations with them 
before experts of weighing and dropping the 
anchor. As a rule authorities are not readily 
convinced. 

What sort of ship is the new Mauretania, this 
creation wrought by one hundred and fifty 
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ONE OF THE WORLD’S GREATEST SHIPS 

The shajt on which each propeller is hohed ii mined bv a liirhiiiv set oj 50,001) h p. Twenty-jour 
water-tube boilers healed hv oii-fired hunters supply sleain to the Jour sets of tiiibines. 


thousand pans ol hands’’ In th( words ol her 
owncis, the Cunaid White S(<n Line, she 
embodies m hci desii^n “ all the newt si ideas 
in iiiaiine engmecinifi and naval archUectuie ” 
What does that mean, tianslated into concicte 
facts? 

It means ten decks, including a sports deck 
and a sun deck To increase deck space the 
number of funnels has been cut down to twir— 
no inconsiderable saving, seeing that the luniiel 
ol a large liner is as wide as many a country 
road and could take a couple of cars abreast 
with ease. A few years ago four funnels 
would have been necessary. 

TWO SWIMMING POOLS 

It means on the promenade deck a ballroom, 
shopping centre, observation lounge, library, 
children’s nursery, and cinema hall It means 
a dining-room the width of the ship and eighty 
feet in length for the cabin passengers — who 
used in former days to be called first-class — 


and a similai diuing-rooin for the tourist or 
SCI ond-ckw> jMssengus It means two gymna- 
siums, two swimming pools, turkish and 
eleitnc-iay baths, beauty parlours and hair 
dressing saloons The third-class accommoda- 
tion IS on a scale never before attempted 

WHEN PASSENGERS PROVIDED CANDLES 

What would passengers ol the 1880’sand 1890’s 
have thought of such luxuries ? Eve n first-class 
passengers had doled out to them dally a cjuart 
or so of water, which had to suffice lor all 
purposes Out of that scanty latioii it was not 
unusual to have to set aside a basinlul lot the 
rats to drink, so as to keep these vcimin from 
ovci running the cabin and eating the candles 
passengers had to provide if they wanted any 
light at night 

How the Spartan voyagers of sixty years ago 
would have opened their eyes to see a ship 
ablaze with light in every room and carrying its 
own electric power station. So far has comfort 
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developed in a comparatively short time The 
monotonous diet of corned beef and ship’s 
biscuits — the latter often crawling with maggots 
— has given place to perfectly cooked meals, of 
infinite variety and many courses, and including 
unlimited fresh vegetables and fruit in place of 
the former small daily dose of hmejuice to keep 
away scurvy. 

FASHION IN FUNNELS 
What would the steerage passengers of not so 
long ago think ol siugle-beith cabins, lounges, 
smoking rooms, nursery and cinema To the 
emigrants ol the nineteenth century, who were 
herded like cattle, and who had to push and 
fight to get a place at the galley fire in order 
to cook the food they had bi ought with them 
for the voyage, such .a ship would have appeared 
like a paradise beyond all imagining 

The cutting down ol the number of lunnels is 
a 1C cent innovation Theie aie fashions in 
such things Onl^ a lew years ago it was 
regarded as undignified for a fair-sizcd stcamei 
to have only a single lutincl, and often enough 
.1 dummy one uas added According to popular 
fancy, the nioie smoke-stacks there were the 
sale! the ship The old Maurelunia had foui, 
as had sorm of the Union Castle Line The 
modern teiidencv is to have as lew as possible 
and to lender them less conspicuous riierelorc 
the more rccenl Union Castle and Oiieni liners 
have one fuimi!, and the Last Asiatic Company, 
which runs fiorn Copenhagen, h.ive gone so lai 
as to ebmni.,te funnels altogether liom then 
motor vessels Until lecently the only ships 
which boie figureheads at the txiw' were wind- 
jammers ol senerable age '1 odav the Bayaul 
and the lHack Prince of the Fred Olsen Line 
display figures ol the great personages m history 
which then names perpetuate, but whether this 
reversion to tyjie will be followed by other 
owners IS doubtful 

DISPUTES ABOUT SIZE 
Tlie Maunlania has been built for the North 
Atlantic service, the reigning monarclis of which 
arc the British Qyieen Vfary and the French 
Normandie, the flagship of the Compagnie 
Geneiale riansatlaiiticjue F’or years these two 
giant floating palaces disputed both the Blue 
Riband of the Atlantic and the right to be called 
the largest ship m the world. 

The latter question will probably never be 
answered to everyone’s satisfaction, for there arc 
various ways ol calculating a ship’s size, and 


the difference between the Queen Mary and the 
Normandie ts so slight that it is open to anyone 
to assess the size of either so as to make it the 
larger. 

According to ofHtial figures the Qjieen Mary 
IS one thousand and twenty feet long, the 
Normaruhe one thousand and twenty-nine The 
gross tonnage of the British ship is eighty-one 
thousand two hundred and thirty-five tons, that 
of the French eighty-three thousand four 
hundied and twenty-three tons Superficially 
at least the Normandie has it But the question 
of size, hotly though it has been disputed, is 
leally far less interesting than that of the other 
diffeiences between the two great ships. Take 
for example horse-power. 

DIFFERENCES IN DESIGN 

The engines ol the Queen Mary aie said to be 
able to develop at least 200,000 h p . and have 
actually developed 189,000, the maximum 
horsc-powci ol the Normandie, even since .i 
substantial increase wms made to it, is only 
179,000 If the hoise-pouci oi the Cunard White 
•Star linci is so ap})rccial)ly greater than that ol 
the pride of the Fu nt b line, wliile ils si/e is 
possibly less, wh\ is it that the latter held loi 
some months the Blue Riband of the Atlantir ’ 
'I Ins qiiesiion laises a most interesting point, 
lor, similar as they arc m size, the two ships 
diffei a|)prcciably m design 

POWER VERSUS RESISTANCE 

Flu speed any ship can .ithievc depends 
iiiaiiily upon tlirre tacujis, the (lower its engines 
can develop and transmit lo the ptopclleis, the 
Illation ol the weight ol the ship to the engine 
power, and the lesistance the ship meets as it 
ploughs Its way thiough the waves The horse- 
pow'cr ol the (Queen Mary, .is we have seen, is 
grcatci than that of the Normandie, the weights 
of the two ships are as nearly et]ual as makes 
liltle or no diffei elite, yet the ship with the 
lessci powder earned the Blue Riband until 
well on into the summei of 1938 How is one 
to account lor this^ 

It may he taken lot granted that the navigat- 
ing and engineering personnel ol the two ships 
aie equal m skill and that both are capable of 
getting the very best out ol their respective 
vessels It would be profitless, because there is 
no certain evidence upon which to go, to try to 
discuss the relative merits of the single-reduction 
geared turbine engines upon which the Queen 
Mary relies and the turbo-electric engines ol the 




B/ades fixed to turbine casing 

L 1 

S* ^^~'Path of 

^BJadef on moving drum 

MACHINERY THAT DRIVES THE LINER ACROSS THE OCEAN 
in a steam turbme the steam from the boilers acts diiecllv upon thmsamb of 
to a hollow drum or rotor on the drnwg shaft. The mierior sw face of the casing has 
Stationary blades, so that when the steam zigzags Us way between them it causes the ro or P . 
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BOWS OF THE QUEEN MARY 
Built like a greyhound, long and lean, her bom have 
almost a knife edge. Compare with the opposite 
picture of the Noimandie in dry dock. 


fformandu. A factor to be taken into con- 
sideration here is the resolve of the Cunard 
White Star Line to run the Qjuen Mary strictly 
to schedule and to eschew competition in 
speed ■* 

It IS impossible to assess the precise effect of 
the weather conditions on any given trip 
Either ship may get everything in its favour on 
one particular run, and so be enabled to set 
up a record time, but the law of averages would 
suggest that the luck in this respect would be 
fairly evenly divided, and the performances of 
the two ships so far seem to indicate that this 
has actually been the case Under favourable 
weather conditions the Queen Mary created in 
August, 1 938, new records for both west to cast 
and east to west crossings She did the former in 
three days twenty hours and forty-two minutes, 
the latter in three days twenty-one hours lorty- 
cight minutes. 

OPPOSED SCHOOLS OF THOUGHT 

We are left with the relation of hull design 
to speed, and heie the designers ol the Queen 
Mary and the Normandie have between them set 
a pretty conundrum, for the two hulls represent 
the conclusions of two radically opposed schools 
of thought 

The ordinary individual if he saw the two 
vessels standing sitle by side in a dry dock would 
almost certainly cleclaie that the Queen Mary 
must be the faster, lor het knife-edge bows, 
slender lines and cruiser stern give an immediate 
impression of speed She is built like a giey- 
hound, long and lean, while the Normandie, 
W'lth her bulbous bow, bulges amidships and 
counter stern, at first sight rather resembles a 
gigantic bull-tcriier 

ENTIRELY DIFFERENT SHAPES 

But the mailer is not so simple as all that. 
It was certainly not simple for the engineering 
experts in charge of the designing of these great 
ships Both sides spent two years or more and 
made thousands of experiments in testing tanks 
with models tried out in every variety ol w'ater 
from calmest sea to roughe.st gale, and m the 
end they decided upon two entirely different 
shapes. 

If you looked more closely at the hull of the 
Normandie you would notice that while that 
part of the bow which is above water is blunt 
and broad, the part at water-level is almost 
vertical, while that below water broadens out 
again. These lines are continued along the sides 
of the ship, thus giving extreme narrowness at 
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water-level, and compensating for any lack of 
buoyancy caused by this narrowness by an 
o\ erhanging upper part and extra width towards 
the keel. 

This design, it is claimed by the architect 
ol the hull, Mr. V. I Yourkevitch, lessens 
the resistance offered by the water to the ship This 
irtistance is of two kinds; there is the simple 
resistance caused by the hull pushing against 
the water as it moves along, and there is the 
residuary resistance, as it is called, which is 
produced by waves caused by the ship’s motion 
at bow and stern, by the pre.ssuic of the wind 
against the superstructure, and by eddying 
ruiients round the propellers, ruddci and bilge 
kfcls 'I'hat caused at the bow is believed to 
have the greatest effect upon a ship 

TRANSATLANTIC SPEED RECORDS 

I’his icsiduary resistance becomes iiiercas- 
nigly gicat as speed increases, and the believers 
in the Yourkevitch design as exemplified in the 
hull of the Normandie have not laded to point 
out that when travelling at high Sfieed the 
Qiteen Mary ereates a much larger wave at the 
how and a considerably greater wake at hci 
stein than does the French ship 
'I'hc Bremen and the Europa ot the Noid- 
deutsclifi Lloyd Line, which were among ih- 
hist of the big North Atlantic liners to have 
ihf bulbous form of hull below the \..'itcr-iine, 
between them gained the tr.uisarlantic speed 
lecords almost as soon as they started i mining 
1 he Bremen wrested the record tor the west- 
bound tiip Iroin the old Maureluma on hei 
maiden voyage in July, 1929, and the two ships 
held it against all competitors lor four years 

GETTING RID OF VIBRATION 

7 he evidence is not yet conclusive, but time 
will doubtless show whether either design has 
any great advantage in speed Fhe question 
may be helped towards solution by the Queen 
Maty'i sistei ship, the Qiieen Elizabeth 
The Queen Mary, by reason of her vast size 
and prodigious engine power, was in the nature 
ol an expenment, as w'as also the Normandie. 

I he latter ship sufl'ered seriously during the 
eailier part ol her career from vibration near 
the stern. The heavier stern of the Queen Mary, 
or some other difference in design, reheved 
this affliction in the British ship 
The engineers of the French line were at 
first baffled by the vibration They tried 
reversing the pitch and direction of rotation of 



BOWS OF THE NORMANDIE 
The swelling lines of the Normandie's hull can be 
seen here. The ship is narrowest at the water line. 
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the outer propellers so as to get a smoother flow 
of water in the wake, but this merely upset the 
manoeuvring capacity of the vessel 

Then they synchronized the propellers and 
strengthened the aftci quarters of the ship in 
the hope of absorbing the vibration, but even 
these measures failed to cure the tiouble 
Finally, aftci many expciimcnts with models in 



PROPELLER FOR THE QUEEN MARY 
The four laigeil propctlen ever tonutucted woe 
ca^t for the Queen Mary The moulds weighed 
over 100 tons 

the testing tank, they htted four-bladed pro- 
pellers instead of the original three-blade ones, 
replaced the shaft beaiings with others of a new 
design, and further stiengthened the after 
quarters to the tune of seveial hundreds ol tons 
of beams and girders. 

An expensive course of treatment, but it 
worked a cure When the Normandie w'as tried 
out again at thirty knots the vibration was 
practically non-existent. This prolonged fight 
against what threatened to be a serious handicap 
well illustrates the problems to be faced in 
designing a super liner. 

Engine vibration, once the terror of all 
passengers, has been on the whole successfully 


conqueicd by the modern naval architect 
Among the smoothest running ships must be 
reckoned the turbine-engmed P & O liners of 
the “ Strath ” class, iiom which excessive 
vibration at high speeds and that inescapable 
tremor of the engines throughout the ship 
which IS so potent a cause of sea-sickness have 
been completely eliminated 

So effortlessly do these ships glide thiough 
the water that when one gets under weigh 
the passengci who is below deck cannot tell 
whethei the ship is moving oi at lesl A 
lernaikablc story is told in this lespcct 

SPEEDING WITHOUT KNOWING IT 

During the speed tiials earned out by one of 
the latest P & O hneis on the Cdvdc, thtre was 
a laige paitv ol giusts and Puss rt piesentativcs 
on board Allei thi cotkIusioii ol the ollirial 
tiials lunch was seived, and dining the couise 
ol the meal some discussion aiosi among tin 
guests as to vihelhti the ship was still [iioteeding 
slowly to her mooiings oi had come to .i Inill 
I'owards the conrlusion of tin lunch it was 
announced that dining the meal — at the veiy 
moment when guests vs'cie discussing whelhei 
tlie ship had sLop|)( d or not ,in e\lia lull spi ed 
tnal had bei n inadi , in the louise ol which the 
ship liad (X( ceded twintv-two knots 

A stmil.ii <md equ.illy lein.irkahle sloiy is 
told ol the Xwalrn, tin fouitein thousand ton 
luxutv linci built loi the Union .Steam Ship 
Clompany of Niw Zealand m 1911b This 
vessel, fastest legul.u hiici m the Southern 
Hemispheii , is holdci ol the Jllue Riband ol 
the 'lasman Sea. On the occasion of hei 
lecoicl-bii .iking lun the chid engmeei, to 
dimoiistiate the absence of vibration, lillecl .i 
glass of water to within one-eighth ol an inch 
ol the top and placed it with a two-shilhiig piece 
on the rail as fai aft as possible Not a droii of 
Wdtei was spilled licitn the glass, noi was thcie 
any peiccptible movement ol the coin 

LARGEST BOILERS EVER MADE 
I'he Queen Elizabeth, which is larger than 
either the Queen Mary or the Normandie, and 
which IS fitted with the laigest boilers ever 
made lor marine engines, incorporates in its 
design and equipment all the experience which 
has been gained in the handling of her sister 
ship If the Qyeen Mary was an expciimcnt, 
the Queen Elizabeth must be regarded as the 
justification of that experiment 

The length of the Queen Elizabeth is one 
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MOLTEN MANGANESE BRON7C FOR IHF QULLN MARY 
Manganese hi onze being tappi’d out tiom a lemberatoiy luinaie into a ladle attached to a travelling crane 
A/tei caieful skimming, it is trainporied and ponied into the mould of the piopeltcr 


thoiiScirid and tfiiity fent, and lici af>pro\itnan 
Hioss lonnaf,n cjglilv-fivc tliousand tons Twi lv( 
lna;h-j)i t'ssuir- watt'r-lnltt l)uiUis supply sKarii to 
si\U ('ll luilimcs I'.acli ol (In loin pioixllris 
wtiLfliini' llnitv-two Ions apircc, is dinfii l)V 
.111 indcpoiuicnt set of ni.n'tiiiR'i v (oinpnsitiR 
.1 liiinc L’f'.ii wiiiol opci.itcd f)\ lour (in limes 
L.u'i year wheel is about loin Kin feel in 
cii.iiiieti I , till total sseifiht ol lh( fom ulieils 
111 in; iK.irly ihiic hundred .iiid Iwenty tons 

FUEL IN FORTY TANKS 

I he oil fuel is call led in foi ty tanks, from 
vshieh four ihous.ind feet ol pipinir le.id to 
llie luinacr.s In .iddition lo liei main < ngine 
looms the Iniei li.is a huge powci station lapahli 
ol delivering sufficient elecliical eiiergv to meet 
the lighting and public sei vices of a township 
ol nearly two htmdted thousand people 'i'heie 
arc fourteen decks, and as there arc only two 
luiincls a more generous allowance of promen- 
ades and passenger accomrnodatton is a notice- 
able feature The guys, stays, steam pipes .ind 
othe: rigging are concealed inside the funnel 
casings 

Do these thiee gieat ships repiesent the limit 


111 si/e for ocean liners’ Or mas we look in 
the liiliiif to s< ( m.iirimoth floitni!’ jialacrs 
two thousand li ei or rnoK in Icnglh ' 'I hat 
IS a (piisiion thal has been sv.uinlv argued in 
nioie tli.iii oil! (pi.n ter 

PASSENGER SHIP OF THE FUTURE 

I hen ail (host who, nnnillnl of the l.'irt 

th. it the passmiri I ship of thi liilure will be up 
.igaiiist inteiisi\( an coinpi titinn, sav that 
probabls no nioit liners likt tin Mormaiidie, the 
Qjierii Man and the Qiieen I’.h. ahetli will ht built 
'1 hey base then aiguiiKiit on tin l.ict th.it live 
living boats, each r.i ivnig flits p.isseiigeis, i an 
be built lot less than one liner, will be able to 
maint.oii tht<( siisices to tin liners one, will 
cost less loi niaintenance .and i onse(|uenll> sliow 
a gte.itet piolit In additioii—a not unnnport- 
.int point ssith the majoiity ol people — air 

ti. ivel ssill be cheapei 

Tti meet such tom petition, they say, the liner 
ol the future will have to be able to cross 
the Atlantic in not more than three and a half 
days, and to be almost as (oniloi table m bad 
weather as in good In addition, since even 
il It steamed at thirty five or thirty-seven knots 
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it would still be almost a third slower than the 
air liner, it would have to provide more 
attractions in the way of space, comfort, and 
entertainment than even the present luxury 
liners. 

The provision of these, together with the 
anti-roll tanks and gyroscope stabilizers neces- 
sary to keep a huge ship steady in heavy weather, 
would demand a hull not less than eleven 
hundred feet long, that is, appreciably longer 
than that of any ship at present m existence, 
and quite possiblv moic costly to build 

That is one line of thought. On the other 



OVERHAULING A GIANT PROPELLER 
One of the Jour propellers of the Queen Mary being 
overhauled in the graving dock 


hand there are those who pin their faith to the 
medium-sized ship, which they say will never 
be driven out ol favour by competition Irom air- 
craft because ol the very real advantages it has 
to oll'er These include the same degree of 
comfort and luxury as is afforded by the large 
liner without the — to some people — tcrnlying 
vastness of the latter. 

While the tendency in the building of passenger 
liners is towards ever-increasirig size, the 
majority of such ships are still lelatively small 
by compaiison with the Queen Elizabeth, the 
Q^uen Mary and the Normandie, or even with 
ships of second magnitude, such as the German 
Bremen, fifty-one thousand six hundred and 
filty-six tons, and Europa, forty-nine thousand 
seven hundred and forty-six tons, oi the Italian 
Rex, fifty-one thousand and sixty-two tons, 
which captured the ti ansatlantic speed 
records in both directions in 1933 The 
number of ships in the world with tonnage 
exceeding fifty thousand tons does not yet 
reach double figures. 

Both the Cunard White Star Line and the 
Corapagnie Gen6rale Transatlantique make 


considerable use of the medium-sized ship. 
The new Mauretania is, as we have seen, only 
thirty-three thousand tons, while the He de 
France, the Champlain and the Parts of the French 
Line are all less th^n fifty thousand tons. The 
largest ship ever built for the P & O. is the 
R.M S Strathmore of twenty-three thousand 
five hundred tons, the Orient Line has not 
exceeded the same figure, while the Red Star 
Line, which maintains a fortnightly service 
across the Atlantic, relies upon steamers of 
between sixteen thousand and seventeen 
thousand tons 

LARGEST UNION CASTLE LINER 

As an example of the medium-sized liner 
let us take first the Capetown Castle, which made 
her maiden voyage in April, 1938. She is 
one of the Union Castle Mail Steamship 
Company’s fleet plying between England and 
South Africa Incidentally, the Lady Mayoress 
of Capetown, Mrs J D Low, made a special 
twelve thousand mile journey fiom South 
Africa to Belfast to name this motoi vessel. 

Although only ol twenty-seven thousand 
tons, the Capetown Castle is the largest ship of 
her line, the Union Castle Company never 
having gone in foi very large ships She has 
an overall length ol seven hundred and 
thirty-four feet and accommodation for seven 
bundled and ninety-one passcngeis — two hun- 
dred and ninety-two fiist class and four 
hundred and ninety-nine cabin class — as com- 
pared with the two thousand of the Qjieen Mary 
or the Normandie Yet on a smaller scale she 
offers the same range of amenities as do the 
larger ships, including swimming pool, gymna- 
sium and children’s nursery These are i eckoned 
normal features of long distance liners 

CONTENT WITH PRIMITIVE SIMPLICITY 

There are eight cabins-de-luxe and two special 
suites consisting each of bedroom, sitting-room 
and bathroom The ladies have their own 
drawing-i oom, and the ship carries a fully- 
equipped shop and a beauty parlour. The 
cabin class passengers have their own swimming 
pool, an open-air one — ^probably preferable to 
an enclosed one once the Bay of Biscay has been 
left behind on the southbound trip. Adjoining 
the cabin class dining saloon is a dining saloon 
for children only, and the youngsters have also 
their own playroom. Children get a good time 
on modern liners. 

Travellers of fifty or sixty years ago, who had 
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MAMMOTH SLEDGE-HAMMER 
One oj the btggett oj Hs kind, this giant 
exerti a pressure oj jtjteen thousand Ions 





PROPELLERS OF THE FRENCH LINER NORM A hi DIE 
(Top, right) One of the four three-bladed twenty-three-ton propellers made m 1935 for the Normandie. 
(Bottom) A new four-bladed propeller being hauled into position in 1938 The fourth blade reduces vibration. 
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GREATEST FRENCH LINER EVER BUILT 

The streamlined Normandie is nine feet longer than the Queen Mary, and her gross tonnage exceeds that 
of her Enghsh rival by /ust under two thousand two hundred tons, but the latter's engine-power is gtealei 



PRIDE OF THE ITALIAN COMMERCIAL FLEET 
The Rex, which has a tonnage of fifty-one thousand six hundred and fifty-six tons and is much smaller than 
the Normandie and the Queen Mary, captured the transatlantic speed record for both directions in 1933. 






THE QUEEN ELIZABETH IN THE SHIPYARD AT CLYDEBANK 
The Cunard H'htte Star Line's most ambitious effort in ship constiiuiioii incoiporates in ii\ desien and 
eijiiipment all the experience sslucti has been gamed in the handling oj her sislei ship the Queen Mary 


to bring their own hammocks ot sleep in narrow 
bunks on haid boards, would open their cyis 
.It beds supplied with spiing m.ittressi's .ind at 
cabins equipped with hot and cold i mining 
watei, w.iidiobes and chests ol diauers, but 
such details of comloit are today cxpitled 
ovci the greater part of the woild, and certainly 
on all lines on which white people tinvel The 
Oiiental passenger, ot at le.ast the pooicr one, 
IS still content with primitive simplicity, but the 
white man has given up for ever any idea that 
an ocean voyage must entail anything m the 
way ol hardship — or even the slightest hint ol 
discomfort. 

AIR-CONDITIONING AFLOAT 

A distinctive feature of the Nieuw Amrterdam, 
flagship of the Holland-Amenca Line, is the 
air-conditionmg, which is the most complete of 
any ship afloat The electrically operated in- 
stallations are capable of a daily production ol 
cooled air to the same extent as three hundred 
tons ol melting ice. The ship carries also two 
entirely separate ventilation systems, one for 
M M — H 


hesh and one for heated air It is tlierclore 
possibli to admit simultaneously fresh air to 
an inside looiri and w.aini .111 lo .in .luisiih one 
These teiitilation syslems arr coiinected to all 
state looms in c.ibin, tourist and third class 

FOUR DOZEN WAIXRTIGHT DOORS 
The Nieuui Jmstndam, W'lmh beg.in her 
maiden voy.ige on M.iy 10, 1918, is a vessel ol 
thiity-siv thousand two hundred and eighty- 
seven tons gloss She has an oveiall length of 
7.^81 lect, a beam ol eighty-eight Icet and a 
height horn keel to masthead of two hundred 
ancl live lect Propelled by twin-screw single- 
reduction geaietl qiiadiuple exp.iiision turbines 
developing twenty-four thousand shall horse- 
power, she is capable of a service speed of 
20^ knots She carries one thousand two 
hundred and thirty-two passengers — hve 
hundred and sixty-eight cabin, four hundred 
and fifty-five tourist and two hundicd and nine 
thud class — and a ciew of six hundred and fifty. 
The total cargo space is two hundred and 
forty-one thousand eight hundred and twenty 
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cubic feet, including four refrigerating rooms 
with a capacity ol seventeen thousand six 
hundred and thirty-three cubic feet 
The emergency equipment is as complete as 
could be desired. There are forty-eight water- 
tight doors and eleven watertight bulkheads. 
These also serve as fire-proof doors; there arc 
in addition sixty-eight fire-proof doors on the 



MACHINERY FOR THE QUEEN MARY 
The main drive gear, weighing sixly tons, before 
Its installation in the giant liner. 


upper decks, and the fire-fighting apparatus 
includes one hundred and twenty fire hoses 
each fifty feet long, one hundred and twenty- 
five fire cxtinguisheis and a complete spnnkler 
installation with thirty main valve stations and 
approximately thiee thousand six hundred 
sprinklers, every state-room and locker being 
fitted as well as the public rooms. 

Cargo holds, store rooms and provision 
rooms have a fire-detecting system connected 
wath extinguishers, the boiler room has its 
own extinguishing plant, while on the navigating 
bridge are thirty-five fire indicators and 
sixty-five fire alarm bells 

Come next for a few moments to inspect one 
or tWQ of the many vessels of the Canadian 


Pacific ocean services, which literally cover the 
world. The flagship of the Canadian Pacific 
fleet on the Atlantic is the Empress of Britain, 
which with her forty- two thousand three 
hundred and fifty Ions can rank among the 
largest ships in the world, though she is little 
more than half the size of the (^en Maty. 

CANADIAN PACIFIC RECIMIDS 

The Empress oj Britain, which is seven hundred 
and fifty-eight feet long and ninety-seven feet 
six inches broad, carries one thousand one 
hundred and fifty-three passengers in three 
classes, foor bundled and twenty-three in the 
cabin class, two hundred and sixty in the 
tourist third and four hundred and seventy in 
the third class She makes the Atlantic passage 
between Southampton and Quebec, and holds 
both eastbound and westbound records for 
this route, her best time for the former (between 
Father Point in Canada and Cherbourg in 
France) being four days, six hours fifty-eight 
minutes, lor the latter four days eight hours 
twenty-seven minutes The propellers are 
driven by single-reduction turbines and high 
pressure watertube boilers 

Needless to say the Empress of Britain has both 
swimming pool and gymnasium, with in addition 
a full-size open-aii tennis court and a squash 
racquet couit Mote ardent seekers after 
health can get electric ray baths, and of course 
there aie beauty pai lours conducted by experts 
Cinema fans are well provided for, there is an 
electric orchestra and a gramophone repeater 
installation. 

PALACES IN MINIATURE 

The suites-de-luxe are palaces in miniature, 
each consisting of living-room, bedroom, bath- 
room, servant’s room, sun veranda and luggage 
space As evidence of the care with which the 
modern liner is fitted out, the Empress of Britain 
is fully provided with burglar alarms — no 
unnecessary provision, for a big ship carrying 
many wealthy passengers is apt to be regarded 
as a happy hunting ground by crooks of every 
description 

The safety of the passenger is regarded as of 
paramount importance. In the Middle Ages 
a man always made his will before he embarked 
on a long voyage, and it has been calculated 
that of those who went down to the sea in ships, 
at any rate on voyages of any considerable 
distance, one out of every three perished from 
shipwreck, disease or mutiny. 
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TRIBUTE OF THE MODERN TO THE ANCIENT 
Carving in wood by Botnbrtdge Copnall in the magnificent restaurant on “ C ” deck of the Queen Mary. 
It IS one of a striking series of panels illustrating the staring story of the evolution of shipping down the ages. 


In much more recent days, though — or 
perhaps because — the dangers of ocean voyaging 
had so enormously decreased, safety pre- 
cautions tended somewhat to be neglected It 
was perhaps the (eeling that ships had become 
so safe that encouraged a certain lavity concern- 
ing life-savmg and accident preventing 
apparatus. 

TRAGEDY THAT SHOCKED THE WORLD 

Then came the terrible Titanic disaster in 
1912, with Its shocking levelation that there 
were insufficient lifeboats lor all on board and 
Its rumours that watertight doors had failed to 
function This colossal tragedy, proving once 
and for all that even the finest ships were far 
from being unsinkable, startled the entire 
world 

Stringent regulations were laid down, especi- 
ally in respect of British ships, for the safety 
of life at sea, and today no liner sails without a 
thorough inspection of all its life-saving appara- 
tus, which is now sufficient in quantity for 
considerably more than the maximum passenger 
roll. No voyage ever passes without this 
apparatus being thoroughly overhauled and 
tested. 

The Empress of Britain is not exceptional 
among large liners in carrying almost every 
known device for rendering navigation as safe 
and easy as possible, and for surrounding 
passengers and crew with precautions against 
every conceivable danger. The list of apparatus 
includes, in addition to wireless and telegraphic 
and telephonic plant and the normal provision 
of lifeboats and lifebelts, searchlights and 
range-finders on the bridge, submarine signalling 


•ipparatus, gyro-compass equipment, an echo- 
sounding machine, a suliiiierged electric log, 
alarm hooters, fire alarms and a netwoik of 
intercommunicating telephones linking up all 
parts of the ship 

An equal laiige ol safety apparatu.s will be 
found today on eycry modern liner I hat on 
the Capetown CaiHr includes thirteen thiiiv-feet 
and two twenty-six-leet lifeboats, a thirty-feel 
iiiotoi boat fitted with wireless, -i spunkier 
extinguishing system throughout the passenger 
accommodation to cope with anv outbreak ol 
fire, and the most up-to-date fire-detecting and 
extinguishing system for cargo spaces 

On the Pacific Ocean the laigest and fastest 
boat of the Canadian Pacific is the Empress of 
Japan, a twenty-six thousand ton vessel launched 
in 1910 She has an overall length of six 
bundled and sixty-two feet and a breadth of 
eighty-seven feet Her six decks include a 
promenade deck for first class passengers with 
a superficial area of thirty-one thousand feet 

MANY WORLD CRUISES 

Considerably smaller, but renowned for their 
comfort, are the well-known Canadian Pacific 
“ Duchess ” Imeis, the Duchess of Alholl, 
Duchess of Ruhmond, Duchess of York and Duchess 
of Bedford Each of these is a vessel of twenty 
thousand tons carrying cabin, tourist and third 
class passengers Smaller still are the three 
“ Mont liners of the Atlantic fleet, the 
Montrose, Montclare and Montcalm, each with 
a displacement of sixteen thousand four hundred 
tons. 

These three ships have seen considerable 
service as cruising liners, but the greatest 
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wanderer among the Canadian Pacific fleet is 
the twenty-one thousand eight hundred and 
fifty ton Etupress of Australia. She has made 
many world tours, has frequently carried 
holiday makers from Amenca round the 
Mediterranean, and is well known to New 
Yorkers for her luxury cruises to the beautiful 
West Indies. 

The Empress of Australia has accommodation 
for one thousand one hundred and eighty-five 
passengers — rather fewer than the Empress of 
Britain. The Empress of Japan carries )ust over 
one thousand two hundred, including five 
hundred and forty-eight Asiatic passengers. 
What sort of staff is required to run a vessel of 
this description ^ 

HUNDREDS IN THE CREW 

According to Canadian Pacific standards, 
up to four hundred crew are lequired for a 
liner of from fifteen thousand to twenty thousand 
tons carrying between three hundred and seven 
hundred pa.ssengers, from five hundred to six 
hundred on a liner between twenty thousand 
and twenty-five thousand tons, and about 
seven hundred on the much larger Empress of 
Britain The personnel is divided into lour 
main departments Navigating and Deck 
Department, Engine Department, Cateiingand 
Service Department, and Kitchen Department 

The Deck Department, in addition to the 
Commander, Navigating Officers, Petty Officeis 
and crew attending specifically to the navigation 
ol the ship, includes a surgeon with dispensers, 
hospital attendants and nurses, shop attendants, 
shorthand typists, photographers, musicians .and 
police. The engine department carries s.mitary 
engineers and motor boat mechanics in addition 
to the chid and assistant engineers. 

The catering and kitchen departments pre- 
sent long and varied lists of occupations. 
Among the former aie to be found tailors, 
barbers, laundry staff and gymnastic instructors, 
among the latter cook specialists for almost 
every item on the menu, not to mention kosher 
cooks for Jewish catering It is not difficult to 
see why, with an average of rather more than 
one member of the crew to every two passengers, 
ocean travel still tends to be expensive and 
seems likely to remain so 
.On special voyages, and especially holiday 
cruises, the proportion of crew to passengers is 
liable to be even higher, for then it is the 
business of the ship’s personnel not merely to 
get the passengers safely to their destination 


and to see that they are provided for comfortably 
en route but also to cater extensively for their 
entertainment and amusement throughout the 
voyage 

Pleasure cruising has today become a 
recognized and regular feature on almost all 
the well-known shipping lines Cruises may 
last no more than a few days or extend to 
several weeks or even months Some lines 
make a speciality of this type of voyage The 
Bibby Line of Liverpool runs an extensive 
scries of one class tours to the Mediterranean, 
northern Africa, Egypt and the Sudan Among 
then ships are the Derbyshire, eleven thousand 
SIX hundred and sixty tons, the IVoruestenhire, 
eleven thousand four hundred and fifty-three 
tons, and the Staffordshire, ten thousand six 
hundred and filty-five tons, all motoi vessels 
The Derbyshire has a length of five bundled and 
two feet, tvso piomenade decks and an upper 
deck Above this upper dei k is a swimming 
bath, the water of which can be heated as 
desiied, while sui rounding the bath is a 
convenient cnclosuie for those who wish to 
indulge in sun-b.ithing. 

All state looms have diicct access to the open 
air — a verv much apprccialed amenity, cspeci- 
allv in vessels travelling through hot climates — 
and upper bciths have been entirely done away 
with Children have their own playroom, 
which opens on to their own deck on which — 
happy touch— there is a sand pit 

PIONEER DIESEL ENGINE LINERS 

The pioneer liners to be fitted with the 
internal combustion engine perlected by Dr 
Rudolf Diesel, and named after him, were the 
Selandia (later the Norseman), the Fionia, and the 
Jutlandia (afterwards the Dan) The Jutlandia, 
the first of its kind to be built in the United 
Kingdom, left the Clyde in 1912, and continued 
in u.selul seivice until 1938, when she was 
scrapped 'I'he vessels attracted popular atten- 
tion because they had no funnels, the exhaust 
fiom the engines finding its outlet by way of 
one of the three hollow masts This practice 
has not been followed to any great extent, and 
motor vessels of today usually have a single 
squat oval funnel, which gives them a somewhat 
pugnacious appearance. 

The Orient Line, which has operated services 
between Britain and Australia since 1878, and 
is also a mail-carrying line, runs cruises during 
spring, summer and autumn to the Mediter- 
ranean, Norway, Sweden, Madeira and the 
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STABILIZER TO PREVENT ROLLING AND SEA SICKNESS 
h consists of three gyroscopes, each with a one hundred and seventy-ton ft) wheel making mne hundred and 
ten revolutions per minute, actuated by a 56(fh p motor. The total apparatus weighs seven hundred and fifty 
tons. The Conte di Savoia was the first ship of her size to be fitted with a stabilizer . 
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Canaries. Their vessels include the Orcades 
and the Orton, each of twenty-three thousand 
five hundred tons, the Orontes, Otranto, Oromay, 
Orama, and Orford, of twenty thousand tons each. 
Designed for tropical voyaging, these ships 
provide an exceptional amount of open deck 
space, the games decks on the Orcades and the 
Orton being as wide as Piccadilly, London 
On a smaller scale but equally luxurious arc 
the liners of the Union Steam Ship Company 
of New Zealand. These vessels are never seen 
m the ports of Great Biitain, but they are 
known throughout the Antipodes, and the 
company, which is one of the P. and O group, 
IS renowned for its enterprise and initiative, 
especially in regard to naval architecture 

FIRST TO USE ELECTRIC LAMPS 
They were pioneers in the building of ships 
of mild steel, in the use of bilge keels, the first 
to use tuple expansion engines in the Pacific, 
and first to light a merchant ship throughout 
with incandescent electric lamps In 1925 
then Aoran^i (seventeen thousand foui hundred 
and ninety-one tons) was the largest and fastest 
Diesel-engined passenger and mail liner afloat, 
and in 1937 their Awalea did on a trial run 
twenty-six knots, the highest ever made at 
sea in the Southern Hemisphere 


One class accommodation only is becoming 
quite a feature of the smaller liner. The Red 
Star Line mail steamers Westernland, sixteen 
thousand five hundred tons, and Permland, 
sixteen thousand three hundred and twenty-two 
tons, are one class boats. The Orient Line’s 
vessel Ormonde, of fifteen thousand tons, carries 
tourist class passengers only. 

NO FEAR OF AIR RIVALRY 

These are the types of ships that people have 
in mind when they say that the air liner, how- 
ever fast and comfortable, will never drive the 
medium-sized passenger ship off the sea. Who, 
for example, would wish to tour the Pacific, 
visiting the sunny South Sea Islands, in an 
aeroplane, when a floating hotel replete with 
every luxury, catering for his every whim, and 
with space enough to provide him with almost 
every form of athletic exercise or leisured ease, 
IS standing by to bear him over the dancing 
waves and across the iridescent hues of the 
world’s mightiest and most beautiful ocean ^ 

Come for a brief inspection tour of the 
Mariposa and Monterey, nineteen thousand ton 
luxury liners of the Matson Line, designed for 
modern travel in semi-tropical seas Six hundred 
and thirty-two feet in length from stem to stern, 
with a breadth amidships of seventy-nine feet. 



WORLD’S LARGEST WELDED SHIP 

The major vessel Franquelin, the largest all-welded ship in the world, sailing down the River Tyne just 
before undergoing her trials. She was consli acted by Messrs. Swan Hunter & Co at Wallseiul. 



MONARCHS OF THE SEVEN SEAS 


231 



WORLD’S LARGEST DREDGER IN SEARCH FOR GOLD 
The Karimata, built for tin dredging in the East Indies, attempted in 1938 to salvage treasure from the Lutine, 
British frigate sunk off Holland m 1799 She recovered many relics, but only one gold bar. 


they are capable of 22^ knots and are electrically 
equipped throughout. Three hundred and 
fifty crew-niernbers take the responsibility for 
the safety and comfort ol just over seven 
hundred passengers. 

Sailing the South Pacific, these ships are, 
so far as human skill can achieve, floating 
tropical islands. White is the dominant colour, 
the gleaming wliite of tropic sands beneath a 
tropic sun, showing up vividly against the deep 
blue of the ocean and the emerald green ol 
tropical vegetation 

In the public rooms sea themes wrought by 
talented artists are woven on the walls against 
a setting of palm-fnnged csles and iichly- 
plumaged tropic birds Soft pastel shades 
everywheie give that impression of coolness so 
eagcily sought in latitudes where men flee from 
the burning sun Furnishings of reed and hand- 
wrought bamboo complete the picture of the 
South Sea Island with its strange and fascinating 
blend of savagery and tenderness, of barbarism 
and of cunning craftsmanship 

TO KILL MONOTONY 

Perhaps you think this descnption is exagger- 
ated, that the picture is too idyllic 7 A visit 
to such a ship would quickly convince you to 
the contrary You would discover that there 
IS no length to which the architect of a modern 
liner will not go to create the reality of luxury 
in every detail. 

On cold northern routes everything is done 
to secure cosy comfort, while at the same time, 
by means of artfully designed sun traps, to reap 
the fullest benefit of whatever sunshine may be 
exfierienced. On tropical and semi-tropical 


routes shadow and coolness are sought, for the 
diiect rays ol the sun are too strong to be 
wooed during the hours of daylight 

There is a veiy real reason behind all this 
elaborate care lor the comfort and entertainment 
ol the pa.sscngei Shipping lines do not spend 
millions of pounds on luxury fittings meicly 
for ostentation Thev know that a long sea 
voyage can be a monotonous and boiing affair, 
and that passengei-s impnsoned in the narrow 
confines ol a ship--lor the finest ships can offer 
only restricted accommodation— grow cross and 
peevish unless they are kept continually 
interested by their surroundings and food 

FOR TRANSPORTING TROOPS 

A sign of the times is the building of special 
boats ioi the transport of tioops In former 
days soldiers were pitchforked into vessels and 
herded there like cattle Many men not yet very 
old must have most painful memories even 
of ciossing the Indian Ocean during the World 
War Admittedly there existed then a state of 
grave emeigency, m which vessels had to be 
hurriedly improvised as transports, but no one 
who endured, or even saw the sight, will ever 
forget how hundreds of men were packed into 
dark holds beneath the water-line on an ocean 
where the temperature even during the coolest 
hours ol night never fell below one hundred 
degrees Fahrenheit 

In those holds men who could not find a 
corner on deck m which to sleep lay night after 
night, stark naked because of the heat, with 
the perspiration pouting off' them in streams 
The atmosphere was indescribable, there was 
no adequate system of ventilation, and what 
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little air might normally be expected to find 
Its way down from above was used up by the 
scores of men who spent the nights on the stairs 
to escape the horror of the holds 

Not all transports were like this dunng the 
conflict of 1914-18 Among the most comfort- 
able ships on which a soldier could travel 
between 1914 and 1918 were the dainty little 
vessels of the British India Line, which were 
used as transports between India and Meso- 
potamia It IS therefore fitting that this Line 
should have commissioned in 1936 the first 
ship specially constructed for troop conveyance 
This is the motor ship Dilwara, a vessel of 
eleven thousand and eighty gross tonnage, 
with net tonnage of six thousand five hundred 
and seventy-two tons Accommodation is 
provided on this for one hundred and four first 
class passengers m two, three and four-berth 



DREDGER AT WORK 
The revolving chain of buckets can be seen near the 
funnels of the dredger. 


rooms, for one hundred second class passengers 
in two-, three- and four-berth rooms, and for 
one thousand one hundred and fifty troop 
ratings in hammock' billets on the main and 
lower decks 

Separate three- and four-berth rooms are 
provided for the men’s wives and families, who 
have also their own dining-room, sitting-room 
and a specially designed room, equipped on 
the most approved lines, for the preparation 
of infants’ food. 

MAILS AND MERCHANDISE 

The ship cairies adequate hospital accommo- 
dation conforming m all respects to the latest 
requirements of the militarv medical authorities 
Among other modern hygiemc appliances it 
numbers an electrolyzing plant which, by 
passing elcctnc cm rent through sea water 
contained in the apparatus, produces in a few 
moments several gallons ol povrerful sanitary 
thiici for deck washing and other purposes The 
ship’s equipment includes also a special dis- 
infecting plant 

Passenger lines do not depend on human 
cargoes alone lor their profits, if they did 
their balance sheets would olten make un- 
pleas<int leading Ihry carry also mails and 
merchandise (lontrac ts to carry iiuiil are eagerly 
sought for and highly prized, lor they bung 
with them piestigi as well as profit On 
entering port the mail flag is always hoisted 
prominently, and the vessel is regarded prim- 
arily as a mail-car rymg ship 

CALLING AT LONELY ISLANDS 

One ol the oldest inail-cairying companies 
is the Union Castle Line Long before the 
amalgamation of the two lines W'hich now 
constitute the company, the Union Steam 
Ship Company completed a five years’ contract 
with the British Government for a monthly 
mail service between Sciuthampton and the 
Cape of Good Hope The service was in- 
augurated on September 15, 1857, by the des- 
patch from Southampton of the RMS. Dane, 
530 tons 

The Government subsidy to the company 
was ,{^30,000 per annum. This was increased 
in the following year to £33,000, in considera- 
tion of the company’s steamers calling at the 
lonely islands of St Helena and Ascension on 
the homeward voyages. One of the terms of 
the contract was that each voyage should be 
made in not more than forty-two days; in 
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November, 1858, the directors reported that of 
twenty-three voyages made to and from South 
Africa twenty-one had been made within the 
stipulated time, the two others having exceeded 
It by one day 

The Castle Line also carried letters under 
contract with the Cape Parliament, after 1876 
sharing this contract with the Union Steamship 
Company until the amalgamation of the two 
lines in 1900 

FRUIT FROM SOUTH AFRICA 

The Union Castle liners also carry very 
considerable quantities of merthandise The 
Capetown Castle, for example, has over a dozen 
cat go holds, of which more than half are 
insulated and arranged tor carnage ot deciduous 
and citrus fruits Some of the compaitments 
aie specially fitted out for the stotagt of chilled 
or frozen produce The tetnperature of the 
cargo holds is regulated by cooled air circula- 
tion, while those spaces arranged foi chilled oi 
fiozcn pioduce are in addition equipped with 
a system ol biine grids 

The Union Castle liners hnng from South 
Afiica to England large quantities of oranges 
and other fiuit This carnage has been going 
on since 1890, when a trial consignment of 
grapes was despatched in the Rotlin Castle ol 
the Castle Line A few years later the (loth, 
Caul and Creek of the Union Line weu ecjiiipped 
with chambcis lor carrying liuii Rv the time 
of the amalgamation ol the iwo lines appioxi- 
matcly ten thousand boxes a year were being 
carried 

NEVER ALLOWED TO RIPEN 

In 1900 relatively few people in Britain 
regarded fruit as a serious item of diet Times 
have changed, everyone now eats fiuit in 
quantities all the year lound, and as a lesult 
the amount imported has increased cnoiinously 
The Union Castle mail steamers alone today 
bring ten times as much in a week to Britain 
as they brought in twelve months thirty ycais 
ago 

The story of the banana is a most interesting 
example of the modern development of the 
carnage of fruit overseas Forty years ago the 
banana was practically unknown in Bntain, 
simply because there was no reliable way of 
getting It there in an edible condition. Every 
different kind of perishable food requires a 
different tempeiature, a different method of 
stowage and its own peculiar method of 

M M H* 



IN THE REPAIRING DOCK 
Meet operating electric welding and drilling apparatus 
as they put fresh platei in the bows of a ship damaged 
in a collision. 
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h^dling. Few people probably realize the 
extreme care which has to be bestowed over a 
period of many weeks on the banana they 
buy and eat so casually. 

Among the world’s largest carriers of 
bananas is Fyffes Line, which has a fleet of 
twenty-one steamers plying between the West 
Indies and Britain. The vessels, five of which 
also maintain a weekly passenger service to 
Jamaica, bring back cargoes of bananas. An 
average cargo is between one hundred thousand 
and one hundred and twenty thousand bunches, 
or approximately fourteen million bananas 

Bananas, even when cut for eating in the 
tropics, are never allowed to ripen on the 
plant; they are cut green and ripened after- 
wards. As those which are destined for the 
British Isles have to travel across four thousand 
miles of ocean before reaching the ripening 
rooms. It can readily be imagined that their 
transport presents problems of the utmost 



H.M.S. RAMILLIES AT REST 
At water level is seen the “ blister ” which protects 
the ship against torpedoes. 


difliculty and calls for the highest skill. 

The frmt is cut on the day of the steamer’s 
arrival in port This has been announced by 
wireless; the farms concerned have been 
warned and the quantity each will supply has 
been decided beforehand. The work of cutting 
begins at dawn, the fruit is loaded on to mules 
or the little tramcars found on most plantations, 
run straight to the railway and by rail direct 
to the docks. 

NO DAMAGED BUNCHES LOADED 

Here gangs of labourers transfer the bananas 
from the trucks to the loading machines or 
conveyors, which consist of an endless chain 
of canvas pockets One bunch goes into each 
pocket, and the conveyers carry the bunches 
into the holds, where they are stowed by 
packers in layers, two layers upright, then one 
horizontal and so on. 

The holds are divided into “ decks ” parti- 
tioned into “ bins ” or compartments of con- 
venient size, made of wooden bars like a farm 
gate These bins keep the fruit from shifting 
and becoming bruised Both at the railhead 
and the docks inspectors are alert to see that 
no damaged bunches get loaded The work is 
done with the utmost speed, a cargo of one 
hundred thousand bunches being put on board 
ship in about eighteen hours. 

Bananas mature at all seasons of the year, 
and in the early days of then transport overseas 
It was discovered that if the holds of the ships 
could be kept at the correct temperature and 
freely supplied with hesh an a perpetual 
supply of the fruit could be maintained How 
to supply the fresh air was for long an unsolved 
problem. It puzzled many inventive brains 

INSPECTED EVERY FEW HOURS 

Straightforward ventilation did not prove 
too successful, so nowadays vessels carry 
refrigerating machines which cool the holds 
before the fruit is put in and throughout the 
voyage maintain them at exactly the right 
temperature, which is roughly fifty-three degrees 
Fahrenheit 

The machines force air by fans over brine 
coils, distribute it throughout the ship and 
draw it out again by suction fans Every few 
hours, day and night, the holds are inspected 
to see that both temperature and air are as they 
should be. Think of those visits, often made 
in a tumbling sea, when next you are tempted 
to grumble at the price of bananas. 
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ONE OF THE MOST COSTLY WARSHIPS AFLOAT 
Approximately /;6,000,CXX) was spent on the constructton of H M S Nelson To /tie her nine sixteen-inch 
guns once costs more than £2,000 They can hurl one-ton shells twenty miles. 


Immediately the steamei arrives at its port 
of destination the quays are cleared, and within 
a few moments electrically operated elevaiois 
ate discharging the still green bunches of 
bananas into the conveyers and so into specially 
constructed railway trucks, at the rate of eight 
thousand bunches an hour 

FIVE HUNDRED TRUCKS OF CARGO 

It takes five hundred trucks to transport a full 
ship’s cargo by rail Directly a trainload is 
ready it is sent off express, and within a few 
hours the bananas arrive at the warehouse of 
the wholesale fruit merchant Here they are 
hung in specially constructed ripening rooms 
to mature, and in these rooms, which exactly 
reproduce tropical conditions of temperature 
and humidity, they remain for five or six days, 
to emerge yellow in colour and mellow in 
flavour— to be sold, after all the care that has 
been lavished on them, at a penny or twopence 
each. 

Of recent years the carriage of chilled beef 
from South Africa has begun Trial consign- 
ments were despatched in 1932, and three 
years later one hundred thousand quarters a 


year were being sent. Altogether the Union 
Castle Line has in its vessels about twelve 
million five hundred thousand cubic feet of 
cargo chamber space for carrying refrigerated 
produce 

A gieat deal ot frozen meat comes to Britain 
from Austr.ili.i and New Zealand Much of this 
i.s earned by vessels ol the Port Line, formerly 
known as the Commonwealth and Dominion 
Line These vessels, of which the Port Jackson, 
which completed her maiden voyage in March, 
1937, may serve as an example, are designed 
primarily as cargo boats, though they usually 
have accommodation for a dozen passengers. 

GAS-TIGHT COMPARTMENTS 

The Port Jackson, a motor ship powered by 
two Doxford vertically opposed reversible oil 
engines dnvmg twin screws, is four hundred 
and ninety-five feet six inches long. Her gross 
tonnage is nine thousand six hundred and 
eighty-seven tons. 

She has approximately half a million cubic 
>feet of cargo space for refrigerated cargo, and 
nearly a quarter of a million cubic feet of 
cargo space for non-refrigerated cargo. Twelve 
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gas-tight compartments with a capacity of 
approximately seven hundred and fifty tons 
are provided for the carnage of chilled beef, 
and the entire refrigeration system includes, 
among other material, one hundred and twenty- 
four miles of piping. 

MEDITERRANEAN WATER FOR ZOO 

The whole of the vessel’s auxiliary equipment 
IS electrically driven, including the eighteen 
cargo winches which serve the six hatches Five 
of these latter, together with three lower and 
upper ’tween decks, are insulated for refrigerated 
cargo carnage 

On the Port Jackson’s maiden voyage a 
senes of experiments was carried out by the 
British Department of Scientific and Industrial 
Research (Food Investigation Branch) with 
respect to the carriage of chilled beef and fresh 
fruit Such experiments are constantly being con- 
ducted with a vieiv to improving the carnage of 
penshable cargoes, and the necessity will quickly 
be appreciated when it is icalized that cargo 
liners on the Port and other lines trading 
between Europe and Australasia regularly 
carry butter, cheese, apples, oranges, eggs and 


frozen meat, each of which commodities 
requires a different temperature. 

Many examples of queer cargoes carried by 
freight ships could be given, but perhaps one 
will suffice Some sfiips of the General Steam 
Navigation Company, whose mam trade routes 
are between Britain and the Continent and 
ports on the Mediterranean, while in the Bay 
of Biscay pump up sea water for the Aquarium 
at the London Zoo The sea water is stored in 
the ships’ double bottoms, whence on arrival 
in port it IS discharged into barges which convey 
It via the Regent’s Canal to Regent’s Park. 

FOR CARRYING PHOSPHATE 

A most interesting example of the passenger- 
cuni-cargo ship is the Tnaster, completed in 
1935, and notable as the first motor vessel 
built for the British Phosphate Commissioners 

Designed to cany cargoes of phosphate m 
bulk from Nauru and Ocean Islands m the 
South Pacific to Australia and New Zeahind, 
returning with stores for the islanders, she has 
also accommodation for foity passengers in 
twelve cabins on the bridge deck In addition, 
she frequcntlv carries native labourers, these 



IN THE ENGINE ROOM OF A BATTLE CRUISER 
Completed in the year 1928, JI M.S, Sussex is a battle cruiser of the ’’London” class. She carries an 
aeroplane which is launched from her decks by means of a powerful catapult apparatus. 




GUN DRILL IN Ci-KS MASKS 

Boys doing six-mch gtm dull ahottid H M S Calcutta Thn vessel, with hvo other ships fiotn the Reserve 
Fleet, the Dunedin and the Hermes, is allocated Jor the tiaintng of Jutwe seamen of the Roval Navv 


being accommodated in the holds on die second 
deck 

The general cargo is earned m the main 
holds, there are also two rne<it-riee/mgrhamheis 
with a tolal rapacity ol six ions, anoihci with a 
capacity ol 8J tons, and chambcis to canv ten 
tons ol fruit and vegetalilcs, exclusive of a 
refiigeiated chamber lor ship’s provisions with 
a capacity of six to eight tons 

Canadian Pacific passenger liners both on the 
Atlantic and the Pacific carry a consider able 
amount of merchandise, but m addition tire 
company maintains on the Atlantic a special 
fleet ol modern liners designed for cargo carnage 
alone. 

RUN LIKE A RAILWAY 

This fleet, put into service in April, 1928, 
consists ol five ten-thousand-ton vessels — the 
Beaverhurn, Beaverdale, Beaverhill, Beaverford, and 
Beaverbrae. Each is five hundred and twelve 
feet long, has a deadweight cargo capacity of 
ten thousand five hundred and fifty tons and a 
cubic cargo capacity of sixteen thousand two 
hundred and fifty tons, and maintains a service 


speed of fourteen knots, which can be inci cased 
to !5| Ol 16 knots il necessary These ships 
steam to schedule times and maintain a 
regularity which compares lavouiably with 
that ol a inilwnv system 

Oil. TANKERS AND TRAMPS 

Each has insulated, an -cooled and ventilated 
caigo space and up-to-date refiigeration space 
A noticeable feature ol tin equipment is the 
signal masts on bridge girders — m place of pole 
masts — mounted bctv>een the lorward and alter 
deriick standards 

No account ol the ships of the modern world 
would be complete without mention of two 
mv,alu.tble types of cargo vessels which as a 
rule get little publicity — the oil tanker and the 
tramp. The one is a specialist, the other is 
a maid-of-all-work 

Oil t.ankers belong to the class of cargo ships 
known as bulk freighters, that is, ships carrying 
cargoes which pack very closely and weigh 
heavily in proportion to the space they occupy. 
Typical examples are coal and grain. The oil- 
carrying trade has only risen to importance 
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during the present century, being a direct result 
of the dwnands of the motor vehicle and aircraft. 

The earlier vessels engaged in carrying oil 
were for the most part sailing ships, though the 
first British tank steamer, the Bakmn, was built 
in the 1880’s Modern tankers are ingeniously 
constructed to meet the special difficulties 
presented by the carriage of oil The chief of 
these is that oil expands in hot weather and 
contracts in cold ; consequently, expansion space 
has to be allowed and at the same time a heating 
system must be installed. 

Pumps are required to force fresh air down 
the main pipes into the tanks, for the presence 
of foul air is liable to cause an explosion. 
Numerous pipes linking the various tanks are 
necessary, so that should the ship develop a list, 
the balance can be corrected by pumping from 
one tank to another 

REDUCING RISK OF FIRE 

It is obvious that the ship must be divided into 
a considerable number of tanks Apart from the 
fact that the vessel may have to carry several 
different varieties or qualities of oil, to have the 
liquid swishing about in one tank, or even a 
lew large tanks, would be to invite disaster the 
moment a ship ran into stormy weather 


A system much favoured is the Isherwood or 
longitudinal system invented by Sir Joseph 
Isherwood in 1908. In this the frames or ribs 
forming the vessel’s section are placed length- 
wise instead of from Slide to side. Incidentally, 
the oil tanker is almost unique among modern 
ships of any size in not having a double bottom 
The engines or motors arc as a rule placed aft, 
to reduce the danger of fire. 

ARRIVAL OF THE IVELDED SHIP 

The welded ship is a newcomer. It is more 
rigid, so far as the joints of all parts of the 
structure are concerned, but the elasticity of the 
steel IS not affected any more by welding than 
by riveting. The largest completely welded 
ship in the world is the Franquelm, which has a 
length over all of two hundred and fifty-nine 
feet and a displacement of three thousand eight 
hundred and seventy-nine tons. She was built 
on the Tyne in 1936. 

The tramp has every claim to be reckoned 
among the monarchs of the seven seas, not on 
account of si/e — though modern tramps may 
have a tonnage of ten thousand tons or more — 
nor for her luxury fittings, but because of her 
general utility 

As we have seen, passenger liners carry cargo, 



DROPPING A DEPTH-CHARGE FROM A DESTROYER 
A thick column of water rising behind H.M.S. Sheffield as a depth-charge that she has Just dropped explodes. 
Depth-charges are anti-submarine bombs which explode with terrible force underneath rfe water. 



FULL SPEED AHEAD IN ROUGH WEATHER 
H M.S. Newcastle running into rough weather as she ploughs through the Atlantic One of the “City” class, 
the cruiser is of nine thousand tons displacement and attains a speed of 32 J knots. 


which is technically known as “ parcels,” 
though in the aggregate it may amount to 
thousands of tons. There are also cargo liners 
which, like goods trains on the railways, are 
run strictly to schedule and on a fixed route. 
And there is the tramp, ready to go anywhere 
and to carry almost anything. 

The bane of the tramp-owner’s life is the 
question of freightage, that is, the amount 
that the merchant who wants his goods trans- 
ported is willing to pay for the carriage. In 
prosperous times, when so much merchandise 
is being imported and exported that ships arc 
relatively few and cargoes many, the tramp 


reaps a golden harvest, but such conditions 
have not existed now lor many years 

The reverse has been the case, international 
trade has shrunk and competition between 
tramps has increased to such a pitch that many 
ships have had to be laid up, while those kept 
on the water find that freightage is cut to such 
an extent that profits are infinitesimal. 

Perhaps the most depressing thing that can 
happen to a tramp-owner is to send his ship 
“ in ballast,” that is, without cargo, across the 
Atlantic or from one port to another hundieds 
of miles distant, because he has heard of a cargo 
to be picked up there — and then for his vessel 
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The "j the world a, e the Hood, the Nelson Rodney!’^/ 

last are almost idenVcat in armament and equipment. The Hood is m a class by itself. 


to arrive just twelve or twenty-four hours too 
late, a competitor having secured the contract. 
This happens ail too frccjueiitly 
During the Wot Id War tramps played an 
invaluable part, carrying cargoes, acting as 
mine-swecpers and hunting submaiines Of the 
ships belonging to the British mercantile 
marine which were taken into government 
employ, oni-thnd were sunk on active service, 
mostly by enemy action. 

SHIPS FOR SPECIAL PURPOSES 
All over the world arc to be found ships 
designed for S(jecial purposes outside the 
ordinary range of seagoing traffic A unique 
example of its kind is the Research, built for 
magnetic survey work and therefore containing 
not a single ounce of iron or steel. 

The hull IS of teak, the framework, girders 
and fittings are of bronre or other non-magnetic 
alloy. Anchors and cables arc also of bronze; 
no steel is allowed in the kitchen and the crew 
may not even carry steel penkmves. 


The Reseanh, which is of six hundred and 
filly tons displacement, is briganlmt rigged, 
but fitted with an auxiliary hcaw-oiJ motoi 
She takes the place ol the Carnegie, which was 
destroyed by an explosion off Samoa in 1925 
These two are the only non-rnagnetic vessels 
which have ever been constructed. 

KEEPING THE SEAS SAKE 
The outstanding e.xarnple of a vessel built 
for a special purpose is found in the warship 
That purpose is often misunderstood, or rather 
the emphasis is misplaced. In war time it is 
the business of a nation’s navy to engage the 
enemy on every advantageous occasion, and 
for this business every warship is specifically 
equipped But while the warship has to be 
regarded primarily as a fighting craft, it should 
never be forgotten that it is the business of a 
navy to keep the seas safe for its country’s 
mercantile marine at all times. This duty 
never ceases. A navy works twenty-four hours 
a day throughout the year. 
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OF THE ‘-NELSON" CLASS 

The Rodney has engines \ihuh develop AS.OOOh p and yixe her a speed of twenty-three knots Thev cost 
£500,000 Jnset shows interior oj a twenti-one-inih torpedo, which is a iiiimatuie explosive suhniunne 


Hetwern 1914 and 1918 tlie British Navy 
lought one groai and decisive ballle onlv — 
the Ijatde oi Jutland in 191G — and notnioieth m 
hair a dozen engagr inrnls in all in which ra|)ital 
ships were involved Theie was not a single 
moment during those four years when scoies 
ol ships of the Roval Navy were nol pali oiling 
the seven seas, keeping Biitish tiade routes ope n, 
convoying Allied shipping and ceasehsslv 
seoiiiing the ocean lor any sign ol danger to 
unarmed vessels. 

THE NAVY AND STARVATION 

Gieat Britain never knew the horrors of 
Starvation during the World War, never even 
experienced serious pangs of hunger With- 
out the Navy’s ceaseless and relentless guaid 
the British Isles w'ould have been starved into 
submission within a lew weeks of the outbreak 
of hostilities 

Because of Britain’s exceptionally vulnerable 
position, because the country depends so largely 
upon food from overseas for its subsistence and 


because the British Empire, most of whirh is 
quite incapable ol sell-delciice, is scattered all 
ovei the woild, ns various yiarts separated by 
v'ast stretc lies of ocean which must all in the 
cvint ol w.ii bo [laltolled, it has been lor a 
contuiy and a hall at least a cardinal leature 
of British [lolicv to maintain the laigesl, best 
equipped and most efficient navy in the world 
Even the coming ol the aeroplane has not 
rciideied a stiong navv less necessary. 

FLOATING FORTRESSES OF STEEL 
Most people have a general idea of the 
constitution ol the Royal Navy, though few 
have any intimate knowledge of the ships of 
which it IS made up The giant battleships 
and battle cruisers, veritable floating foi tresses 
of steel, are familiar to all, in pictures at least 
if not in actuality, but the secrets of their 
armament and defensive equipment ate revealed 
to few outside prolessional circles It is in 
truth the “ silent service ” 

Monarchs of the Navy are the mighty Hood, 
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Rodn^ and Nelson, probably the most powerful 
and certainly the most expensive warships in 
the world. H M S Rodney, a vessel over seven 
hundred feet long and of thirty-three thousand 
nine hundred tons, has engines developing 
45,000 h.p and capable of twenty-three knots 
Yet those engines cost only ^(^500, 000, while the 
gun turrets on the ship cost ^3,000,000 
Altogether, the ship cost over /|^6,000,000. So 
did her sister ship, the Nelson, of thirty-three 
thousand five hundred tons and almost identical 
in armament and equipment The Hood, the 
largest warship in the world, is one hundred 
and fifty feet longer and over eight thousand 
tons heavier than either of the other two. 
Her displacement is forty-one thousand 
two hundred tons. 

SHELL WEIGHING A TON 

The most powerful weapons of the Rodmy 
and the Nelson are the nine sixtcen-mch guns, 
each as long as a cricket pitch, one hundred and 
seventeen tons in weight, and capable of firing 
a shell weighing more than a ton a distance of 
twenty miles All nine guns can be fired 
simultaneously by pressing a single button. 
The cost of doing so is about £2,100 

Fearful weapons those guns arc their shells 
can pierce thiough a foot ot steel armour and 
are made more terrible by leasori of their 
delayed action, which means that the fuses arc 
so tuned that the shells explode, not upon 
impact but some seconds alter striking In 
addition to this terrific broadside of heavy guns, 
the Rodney and the Nelson have each more than 
twenty other guns ranging from six-inch down 
to three-pounders, not counting numerous 
anti-aircraft guns. 

PROTECTION AGAINST TORPEDOES 

For defence against hostile craft the Rodney 
and the Nelson are clad in heavy steel armour 
reckoned almost impregnable, and like all 
great warships have below the water line a false 
hull, called a “ blister,” as protection against 
torpedoes, the idea being that a torpedo will 
spend its explosive force against the blister 
without damaging the inner hull 

This makes such a vessel, below water line at 
least, a ship within a ship This device i* 
repeated m a sense for the protection of the 
engines, dynamos and control gear, which are 
all so heavily surrounded and covered with 
steel armour as also to compnse a ship withiij a 
ship 


Cruisers and destroyers are not provided with 
heavy armour, but have to depend for their 
defence on tremendous speed and a generous 
armament of quick-firing guns. As compared 
with battleshifM they are relatively very long 
and narrow, the cruiser Southampton, for example, 
being five hundred and nincty-onc feet long, 
or only just over one hundred feet shorter than 
the Rodney, with a beam of sixty-four feet as 
compared with one of one hundred feet and a 
displacement of only mne thousand tons; that 
is, only slightly more than a quarter of that of 
the battleship. But she has a speed of thirty-five 
knots, as compared with the twenty-three of 
the battleship 

The Southampton carries twelve six-inch guns 
and SIX four-inch, in addition to a battery of 
anti-aircraft guns Part of hei job being to 
act as an “ eye ” of the fleet, she carries two 
aeroplane hangars, from which aircraft can be 
launched by means oi catapults 

The aircraft catapult on board ship consists 
of a trolley running on rails fixed athwart ship, 
that is, from side to side The trolley is propelled 
by steel cables connected to a piston worked 
by compressed air To prevent the trolley 
from colliding too violently with the stop at the 
end ol the rails letarding cables are also 
provided 

FLOATING AERODROMES 

The aircraft carrier is a comparatively recent 
addition to the Royal Navy Most of the ships 
now in use as aircraft carriers are, in fact, 
converted battle-cruisers turned into floating 
aciodromcs They have been called the “ most 
distinctive and the ugliest ” of all the variety of 
ships to be found in the fleet 

Some of them — as, for example, H.M S. 
Furious — have neither funnels nor masts, 
the smoke from the engines being earned 
along the sides of the ship through ducts 
to the stern 

The more modern airciaft carriers such as 
H M S. Courageous and Ark Royal have been 
given both funnel and mast, but these, instead 
of being centrally placed as in other ships, oi 
even at the stern as in the oil tanker, arc situated 
on the extreme edge of the flight deck on the 
starboard (right) side. When the flight deck is 
being used by aeroplanes, the ship is controlled 
from a platform projecting from the side of 
the flight deck. When there is no flying a control 
bridge pops up through the floor pf the fprc 
end of the deck, 




LARGEST WARSHIP IN THE WORLD 
H.M.S. Hood, the largest warship in the wotld^ has an overall length of appruxitnately 
fifty feet and a displacement of forty-one thousand two hundred tons. She cost about ;^ 6 , 000,000 lo build. 
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The Courageous is seven hundred and eighty- 
five feet long, displaces twenty-two thousand 
five hundred tons, and has a speed ol thirty 
knots. She cairies forty-eight aeroplanes The 
Ark Royal has accommodation lor seventy 
aeroplanes, and with a speed of nearly thirty-one 
knots IS the fastest aircraft carrier in the Navy 
The hangars occupy the whole of the centre of 
the ship above the level of the quarter-deck, 
with the exception, of course, of the engine 
space. It IS usual for the hangars to be built 
in upper and lower sections In case of 
emergency, fire-proof steel shutters woiking 
on rollers can be run across to divide the 
hangar into two. 

METHODS OF LAUNCHING AEROPLANTS 

Methods of launching aeroplanes horn air- 
craft carriers develop so rapidly that any one 
described as the latest is liable to be out ol date 
by the time the statement is made Formerly, 
hangais had large doois at the fbrc-etid which 
opened outwards on to a sloping deck built over 
the forecastle. 

This method, found to be too slow, was super- 
seded by a lilt system, aircraft and personnel 
being carried up together from lower hangar 
to flight deck When this system was mttoduced 
there were usually two lifts on each aircralt 
carrier, one lore and one alt The lorwaid lilt 
dealt with the single-seater fighting machines, 
the after one with bombing and reconnaissance 
planes. 

Pilots are trained so that they can bring their 
machines on landing exactly on to the lift sjiace 
In case of faulty landing “ nclliiigs ” and 
“ palisades ” nie provided along the sides of 
the flight deck, but these do not prevent damage 
to the machines, and a sutcesslul landing 
depends ciUncly upon the skill ol the pilot and 
the flight-deck personnel 

LANDING ON A MOVING DECK 

In assessiiiu then skill, it has to he remembered 
that pilots often handle land machines over 
water, with only a pencil-shaped strip ol solid 
surlace on which to alight Seen from a height 
of even one thousand feet the flight deck of an 
aircraft earner looks inciedibly minute 

The pilots’ difficulties aic increased in calm 
weather, when it is necessary foi the carrier to 
steam at speed in order to create sufficient 
wind along the flight deck for taking off and 
landing The floating aerodrome must always 
be moving into the wind when its aeroplanes 


are in action. This may at times prove embar- 
rassing to efficiency, for if the wind is in the 
wrong direction it will be necessary for the 
earner to be steaming away at anything up to 
thirty knots from the engagement in which it 
IS taking part 

When about sixty yeais ago the torpedo began 
to be important it became immediately neces- 
sary to devise an efficient means of defence 
against it Torpedoes were then discharged 
by torpedo boats, small, speedy, mobile craft 
which darted up to big ships, discharged their 
torpedoes, and ti listed to then speed and 
inconspicuousness to get away safely. 

The answer to the torpedo boat was the 
toipedo boat destroy ei, or TBD, as it be- 
came known From this the modem destroyer 
has evoked The TBD ol the early years of 
the present ccntuiy was a boat of only some 
two hundred and fifty tons, aimed with a single 
toipedo tube, a Ivselvc-poundci gun and one 
oi two si\-poiindeis The destroyer of today 
displaces anything up to two thousand tons, 
Carnes ten torpedo tubes, hall a dozen 4 7-iiith 
guns and a battciy ol anti-aircialt guns capable 
ol fit trig ten shells a si-cond All this in addition 
to the teiTibk elleelivr dr jitli-c haige which is 
the destiovei’, iiiriin weapon against its natural 
enemy the submaiine 

DEN EI.OPMENT OF THF DFETROYER 

A deplli-chaige is a t.iiiislei of high explosive 
constiiK'ted to sink at a given late and liiiied 
to explode in a given iiumbci of seconds allii 
Its release It is dioiiped fiom a chute at the 
vessel’s stem whik the deslioyci is liavellnig 
at lull speed The undciwater explosion is 
calriilated to destroy oi at least iiicapacilate 
any submarine within a wide area The deplh- 
ch.irge w.is liisl used duiirig the Woild Wai 

'Ihc oiigmal T B D ’s were speedy boats, but 
the modern desti over is much faster The most 
up-to-date do thirty-six knots normally and 
arc capable if need be of exceeding forty 
Tiemcndously powerful engines are necessary 
for these terrific speeds, and indeed a destroyer 
may not inadequately be described as a shell 
enclosing an engine. 

The mighty Rodney of thirty-three thousand 
nine hundred tons develops 45,000 h.p The 
tiny Fury of one thousand three hundred and 
fifty tons develops 36,000 or only 9,000 h p. 
less Imagine the vibration ' Thousands of 
blades driven by an enormous head of steam 
revolve at an incredible number of revolutions 




CATAPULTING A SEAPLANE FROM 11 M S SUSSEX 
On its letiirn Jroin a flif’/it the seaplane alights mw the ship times up to iis side, and is hauled on houid 
by means of cranes and joists. Then it is tends )oi aninhei flight. 


per minutp in the tni bines, vihile an amazing 
system ol gcais reduces tuihme speed down to 
a propeller shaft speed of two liundnu le-vohi- 
tions pei minute 

Latest, fastest, and b\ lar the smalhst of the 
ships oi the Ro)al Navy aie the new inotoi 
toipedo boats, eeineeining which much has 
been verittcn but not a vei> gieat deal of 
guaiantced iniormation disrlosed. 

INFANTS OF THE FLEET 

Their gencial ariangernent is known, but 
their speed, elfcetive range of opeiations, and 
fighting capacity remain close secrets I he 
last, ol course, has never yet been tested in 
actual warfare, for these midget batilesliips 
aie very much the infants of the Fleet t hey are 
sixty feet long, weigh filteen tons, are engined 
with three Napier Lion engines each developing 
500 h p., carry two torpedoes, a number of 
depth charges and an armament of machine 
guns. 

In mancEuvres they operate in squadrons 
with the precision of Air Force aeroplanes, and 
their mobdity is astonishing. They will tear 
along m line at twenty-five to thirty knots 
Straight at some obstacle — say a breakwater — 


until It seems impossifilc they can avoid smashing 
into It, and I he n. at tlie very last moment, their 
engines ci.ish into tisetse and the entiie line 
stops dead, the boats i|Uivering on the eddying 
w uei like hounds abiupt^ cheeked in lull 
caieei 

In addition to ticing used for retonnaissance 
duties these motor boats should prove of great 
value against the submarine, that menace to the 
peace ol mind of .any navv and the terror of 
merchant shipping 

DE\ ELOPING THE SUBMARINE 

The submaiinc hist demonstrated the full 
range ol its teiriblc power duiiiig the World 
W'at, wtieii it all but held the British Isles to a 
state ol siege The British Navy defeated it in 
the end, but lor a time it was touch and go, 
and the fact that one-third of the British 
Mercantile Marine was desiioyed by enemy 
action during the four years of conflict, chiefly 
by the submarine, shows how appalling a 
weapon the under-sea cialt can be 

Since those days the submarine has been 
developed almost out of recognition, until it is 
today one of the most ingenious and deadly 
pieces of mechanism in the world. Fortunately, 
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INTERIOR OF A SUBMARINE— 
The submarine is one of the most ingenious and terror-inspiring pieces of mechanism in the world. Among 
the modern types are giants aver three hundred and sijctv feet long 


means of defence against it have developed on a 
hkc scale, leaving the relative position more or 
less unchanged 

To begin with, submarines have increased 
enormously m size Among the modern types 
are giants over three hundred and sixty feet 
long with a surface displacement of two thou- 
sand seven hundred and eighty tons and a 
submerged displacement of three thousand six 
hundred tons, as compared with the two 
hundred and forty tons of UI, the first of the 
dreaded German U-boats. 

CARRIED THREE TORPEDOES ONLY 

Built at Kiel in 1906, this submarine had a 
surface speed of eleven knots and a submerged 
speed of nine knots She carried one torpedo 
tube only and three torpedoes 

Horse-power has gone up correspondingly. 
On the outbreak of war in 1914 the largest 
submarines had surface displacements of six 
hundred to eight hundred tons, while the b.h p. 
of the largest Diesel unit fitted to one was eight 
hundred to nine hundred. The modern British 


submarine Rorqual, of one thousand'five hundred 
and twenty tons, has 3,300 b h p 

Ciuns of all calibres up to twelve-inch have 
been fitted to submarines, but the commonest 
today IS the four-inch The M 2, fitted some 
years ago with a twelve-inch gun, later had this 
removed and an aeroplane put m its place 

NAVY’S DEADLY “ FISH ” 

This was the first instance of a submarine 
carrying aircraft The aeroplane was borne 
on the fore-deck, enclosed in a watertight 
compartment when the submanne was sub- 
merged. The tail was carried by a joist fitted 
to the former gun turret 
The mam weapon of the submarine, now as 
always, is the torpedo, popularly known as the 
“ fish ” Torpedo tubes were mounted on the 
heavy fathrt^ of the fleet until quite recently, 
but they are gradually disappearing, and none 
of the new British battleships has them. As 
there is no recorded instance of a torpedo 
having found a mark when launched from a 
capital ship during hostilities, the decision to 
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TERROR OF THE UNDER-SEAS 

Guns of all caltbies up to twelve inches have been fitted to iubmanna, but the commonest today is the 
four-inch The main weapon of the cia/i^ now as in the past, is the loipedo. 


abandon the weapon was presumably long since 
overdue On the othei hand, and foi tairly 
obvious reasons, it is paitirularlv suited to the 
special and peculiar icquireincrits ol under-sea 
craft. 

DRIVEN BY COMPRESSED AIR 

A torpedo may cost up to weigh 

ovei four tons, and contain as much as one 
thousand pounds ol tnnitiotoluene (T N 1’ ) 
It IS fitted with engines driven by compressed 
dir to speed it on its way, a gyroscope to hold it 
true to Its course, and pendulums and valves 
to keep It at the correct depth Thus equipped, 
it can travel for miles at fifty knots 

When a torpedo strikes its mark in wartime, 
its “ warhead ” detonates on impact and in 
turn explodes the TNT This used to mean that 
if the torpedo struck anything it exploded, and 
cases occurred in which a piece of wreckage or 
other obstacle caused an explosion which blew 
up the attacking ship instead of the one attacked. 
Nowadays all torpedoes are fitted with a safety 
Ian. The water gradually unwinds this fan. 


which finally diops oil, but until this happens 
the torpedo cannot be exploded, and so the 
attackei is safe fioiii his own piojectiles 

'There seems to be no limit to the ingenuity 
whieh has been expended on the torpedo It 
IS so made that if it misses Us taigcl the ( ngme 
runs down, whereupon a valve opens, the 
torpedo fills with vvalet and sinks to the bottom, 
thus ensuiing that the enemy shall not captuic 
so valuable and expensivi a missile. 

FITTED WITH DUMMY HEAD 
On the other hand, if torpedoes are being 
used in peace-time practice the Navv can hardly 
afford to lose several thousands ol pounds every 
time one is fired, so instead of the warhead a 
“ blowing head ” — that is, a dummy head — is 
fixed, filled with water and compressed air 
When the torpedo has finished Us run the 
compressed air blows the water from the dummy 
head and renders the torpedo buoyant enough 
to float. In order that the Navy shall not have 
to spend valuable time searching for fired 
torpedoes, a device has been invented whereby 


248 


MONARCHS OF THE SEVEN SEAS 


the floating torpedo gives off a very dense 
smoke. 

All that remains, apparently, is for someone 
to devise a mechanism whereby the torpedo 
will turn on its tracks, find its way back to its 
parent ship and replace itself on its rack • 

As the submarine is the most stealthy and 
most deadly of all fighting craft, so is it exposed 
to the most horrible risks An accident that 
would be trivial in a surface vessel, a defect 
that could be put right in a few hours, or damage 
from hostile craft that would be almost negli- 
gible, IS fraught with gravest consequences to 
the submerged submarine, dependent as it is 
upon a small and quickly used-up supply of 
compressed air 

DEADLY DEPTH-CHARGE 

The depth-charge employed with such teirible 
effect during the World War struck terroi in 
the hearts of submarine crews Its deadhness 
was due to the fact that it had not necessaiily 
to hit, but only to explode near a submarine to 
damage it sufficiently to make its end certain 
The concussion caused by the explosion spread 
for hundreds of yards under watei, and even at 
a distance was enough to weaken the hull 
sufficiently to condemn the crew to an often- 
times lingering death Escape was impossible 
there was no way of getting out of a submerged 
submarine 

All British submarines are now' fitted with 
Davis submarine escape apparatus, and every 
man serving in a submarine is trained iii its 
use It comprises a stout lubber bag containing 
oxygen which is earned On die chest by a strap 
slung round the neck From the bag a flexible 
tube leads to a watertight mouthpiece and a 
rubber nose-elip 

Equipped w'lth this apparatus, the men in a 


submerged submarine assemble at the escape 
hatch, which opens on to a small escape 
chamber Two or three at a time can enter 
this chamber, which is then closed and filled 
with water. The outside hatch is opened and 
the men spiing upwaids to the surface of die 
sea. 

Another device that may save many lives 
in submarines is a gun which can be fired under 
water I'his discharges a light-weight shell 
which on reaching the sutlace of the sea gives 
off a hnlliant calcium flare 

Yet with every precaution laken the life of a 
member of a Submarine crew must remain a 
highly dangerous one m wartime A direct hit, 
and both the escape apparatus and the under- 
watei gun may be put out of action, a depth 
charge exploding too near may have the same 
effect, or damage done bv hostile attack may 
sink a submaiine below the level at which 
either can be used 

CAN SINK TO FIFTY FATHOMS 

It IS estimated— though exact information is 
not available— that a modern submarine can 
sink to fifty lalhorns, that is, three hundred leet 
Below that saieiy level, whatevci it may be, 
“ the icst IS sdiTK e ” 

'I'o the land luliher it seems passing strange 
that those who go down to the bed of the sea 
in ships — an amended quotation— .seem to have 
as fond a legaid loi dieii cralt as ordin.trv 
sailors have ior the surface vessel Which onlv 
goes to piove yet again that man is a very 
determined member of the animal kingdom, 
and that cnviionnienl does not seem to be .so 
important alter all 

According to an old piovcib it takes many 
kinds of people to make a world It certainly 
takes many kinds ol ships to make a navy 



THE NEW MAURETANIA AFTER THE LAUNCHING CEREMONY 
Approximately one hundred and fifty thousand people laboured to bring the new Mauretania into being. 
Fourteen months elapsed between the laying of her keel and the launching of her hull. 




COMING OUT OF THC BATHYSPHtRF 

Dt C/wfles IVilhani Beebe conunq oui of hi\ stcef hathvspheic ojiei a des(en1 The walb of the bathysphete 
were H inches thick, and it had a diametei of join feet tune inihes. 

HALF A MILE UNDER THE SEA 


O N June 6, 1930, .i tug and a baigi la) at 
anchor some eight miles ofl the shore ol 
Nonsuch Island, Bermuda There was 
nothtrig about them that would have excited 
the imagination of the casual observci , no one 
would have thought that from their decks one 
of the world’s most epoch-making scientifit 
expeiiments was being conducted Yet such 
was the case. 

Imprisoned in a bright blue steel ball, two 
men were being lowered, at the rate of fifty feet 
a minute, to a depth under the ocean ol eight 
hundred feet — nearly three hundred feet lower 
than living man had ever descended before 
And the reason for this dangerous experiment'* 
Two scientists wished to investigate and study 
the weird and wonderful marine life which they 


believed to exist m that liithrito unpenctiated 
underwatei woild 

One of the mlujnd explorers, Dr tlharlcs 
Willi.im Beebe, a luned Amentan zoologist 
and an authonts on birds, liad during his 
travels become keenly inteicsted in the under- 
water hie of tiopic seas He would don a 
coppci helmet with air-hose attached and, 
cl.id in nothing else save a bathing suit and a 
pair ol rubber shoes, clamber over the side ol 
a little boat to walk sixty feet below the surface 
of the water over the bright coral reefs ol the 
West Indies studying the vivid and varied 
creatures that darted in and out of the shadows. 
He photographed them ui their curious homes 
and wrote interesting books about them In 
time the underwater world became as familiar 
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to him as the world of sunshine sixty feet above 
his head. 

His friends again and again would ask : 
“ Don’t you feel nervous ? How about sharks 
and other penis ^ ” Dr. Beebe would explain 
that he was much too enthralled by the amazing 
interest and the never-ending strangeness of 
what he saw to give a thought to possible 
dangers. 

Nevertheless he would admit that danger 
did exist In his valuable and entertaining book 



AFTER AN ADVENTUROUS DESCENT 
Balling out water that leaked into the bathysphere 
when three hundred feet deep 


Half a Mile Down he describes an encounter 
with a shark as though it was only an ordinary 
experience, hardly worth noting Reading 
between the lines, one can easily visualize the 
drama of the thrilling situation 
He had thrown overboard some putrid 
pieces of meat as bait, for he was intent upon 
netting a species of fish called a coney Then, 
arrayed in his copper helmet, he climbed down 
the ladder from the boat and made his way 
towards a crevice in a rock After waiting 
patiently for some time, he noticed a coney 
enter the crevice Immediately he fired a small 
charge of dynamite which he earned fixed to 
the end of a pole, knowing that the explosion 
would stun the fish and make capture easy. 


The coney, however, disappeared from view, 
and all Dr. Beebe saw was a spedcs of fish 
called a sharp-nosed puffer. 

“ I netted him,” wntes the scientist, “ and, 
letting the pole and the discharged cap be 
drawn up, I crept round the boulder and looked 
for my coney in the deep crevice beyond. I had 
to peer in from several angles, and was leaning 
far over, when a great grey crescent shoved in 
beside me. I straightened up and saw it was 
the snout of a five-foot shark, which had 
materialized from nowhere, attracted by the 
smell of the meat and the cloud of debris, and 
now was as interested as myself in getting at 
the stunned fish 

FIGHTING FOR LIFE 

“ A moment later,” the intrepid investigator 
continues, ‘‘ the shark pushed ahead still 
farther, directly across my hand, and I saw that 
my puffer had slipped from the net, and that 
the slanting eyes of the shark had perceived it 
It was attempting to work itself past and against 
my leaning body 

“ This M'ds loo much, and I shifted my grip 
on my net and stabbed down with the handle 
with all my force, directly on the rounded 
snout A terrific swirl of water a few feet away 
showed where the tail fin had gone into reverse, 
the shark liacked out, then turned upwaid, 
and undulated over my head and the reef, and 
past the boat I recaught the puffer, but the 
coney, if dead, had slipped out of sight, and 
after a long search I had to give it up ” 

When Dr Beebe climbed on board the boat 
again he found his friends in a state of great 
excitement They had watched through the 
clear water.s what they believed was a fight lor 
life. The doctoi characteristically made light 
of the experience, which nevertheless might 
easily have ended fatally for him. 

TO WITHSTAND ENORMOUS PRESSURE 

After some years of these underwater wander- 
ings Dr. Beebe became imbued with a strong 
desire to study marine life at much greater 
depths He knew that an experienced diver 
encased in a complete suit could descend to a 
little beyond three hundred feet, and that in an 
armoured suit a man had reached the depth 
of five hundred and twenty-five feet; but he 
knew also that these means of dcepi-sea diving 
were impracticable for the scientific study of 
ocean life At any depth below about two 
hundred and seventy-five feet, the pressure of 
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LOOKING OUT FROM THE BATHYSPHERE 

The aperture through which the depfhs-exploring icientist Dr Beebe entered and left the bathysphere was 
only about fourteen inches wide. Opposite this opening weie windows oj fused quartz three inches in thickness. 


the water is so terrific that a man can stay The Ijathysphere, made of steel IJ in thick, 
down only for a very short time, and unless he is was only four letl nine inches in diameter 1 he 
drawn up veiy slowly his blood will fill with scientists had to enter by literally squeezing 
air bubbles and death rapidly ensue through a hole measuring about fourteen 

So Dr Beebe began to pondci the construe- inches Opposite the door were thice lound 
tion of some kind of steel chamber, capable of window apertures, two of them fitted with 
holding one or mote observers, which could be fused ejuart/ three inches in thickness^ — quartz 
lowered to a depth of half a mile It would have being the stiongest transparent substance known 
to be able to withstand a pressure of over half — the third filled with a steel plug because an 
a ton to the square inch. accident had shattered the original filling 

One of the quartz windows was lor the purpose 
INVENTION OF THE BATHYSPHERE observation , through the other it was 

He discussed the matter with Mr Otis intended to shine a searchlight. 

Barton, with the result that on June 6, 1930, 

the two put out fi-om Nonsuch Island on an MAKING THE AIR SUPPLY 

open-decked barge towed by the tug Cladisfen, The air supply was to be manufactured 
taking with them a curious metal chamber, inside the bathysphere itself by means of two 
spherical in shape, a weird hollow ball later to oxygen tanks and chemicals which would 
be known as a bathysphere. absorb the exhaled cai bon dioxide The bathy- 

In this they projxised to descend beneath the sphere contained also a telephone so that the 
waves to depths hitherto unexplored by man. explorers could report on what they saw and 
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give directions for raising or lowering, and 
various scientific instruments. 

Into this confined space crawled Dr William 
Beebe and Mr. Otis Barton, and the order was 
given for the circular door, four hundred 
pounds in weight, to be bolted into place. 
Exaedy at 1 p m they heard the steam winch 
begin to turn The bathyspheie was raised 
from the deck to the yardarm, swung out over 
the side, and then lowered beneath the surlace 
with a splash that would have smashed a rowing- 
boat to matchwood 

JOURNEY TO THE DEPTHS 

The journey to the depths had begun • 

At first the interior of the bathysphere was 
bathed in a pleasant green light, and when 
Dr Beebe’s assistant, Miss Hollister, told the 
explorers by telephone that one hundred feet 
of cable had been paid out, the only difTercnce 
they noticed was a “ slight twilighting and 
chilling of the green.” Slowly the hollow ball 
.sank lower beneath the wav'es, until, just as 
three hundred feet was called, Mr Baiton gave 
a sudden exclamation Below the massive door 
a trickle of water had begun to appear Soon 
there was about a pint of it on the floor of the 
bathysphei e 

Dr Beebe acted quickly Knosving that the 
inward piessure would tnerease with every 
extra foot of depth, he gave the order for the 
descent to be accelerated Half a dozen times 
a flash light was trained on that door, but 
fortunately for them the tiickle lemained only 
a trickle 

At last SIX hundred feet W'as called 
The scientists had triumphed * They were at a 
depth to which no living man had ever befoie 
descended. 

I’he light had gradually changed fiom green 
to blue, a tianslucent blue the like of which 
the scientists had never experienced m the 
upper world Weird luminous creatures loomed 
and faded before the window. Dr Beebe was 
enthralled 

As the bathysphere sank still lower, the blue 
light lost Its brilliance It changed with mys- 
terious slowness to a dark blue, then to an almost 
black blue. 

“ We spoke very seldom now,” Dr. Beebe 
writes “ Barton examined the dripping floor, 
took the temperatures, watched and adjusted 
the oxygen tank, and now and then asked : 

‘ What depth now^ ’ ‘ Yes, we’re all right! ’ 

‘ No, the leak’s not increasing.’ ” 


At eight hundred feet Dr. Beebe gave the 
order to halt He had a strange premonition that 
it would be unwise to go farther into the depths 
on that trip. The'ascent began and exactly 
one hour after the bathysphere had plunged 
below the surlace, the two adventurers emerged 
once again into the sunshine of the upper 
world, safe and sound, although somewhat 
cramped, peaceful conquerors of a kingdom 
that for millions ol years had remained im- 
pregnable. 

During the next four years Dr Beebe and 
Mr Baiton made many descents in the bathy- 
sphere They improved its design, and giadually 
penetrated farther and faither into the depths 
During one dive Dr Beebe spoke, into the 
phone a description of the marvels he saw 
which was broadcast to an astounded world 
The broadcast was relayed to listeiieis m Gicat 
Britain 

On August 11, 1934, he descended to the 
amazing depth of two thousand five hundred 
and ten feet Four days later he went even 
deeper With his friend Barton he swung in 
the bathysphere at the de)>th of tliiee thousand 
and twenty-eight feet — ovei half a mile under 
the sea 

DESCENT INTO PERPETUAL NIGHT 

It vvas as he described it, “ a desci nt into 
perpetual night " Below two thousand five 
bundled feet huge hsli, twenty icet long, cut 
thiough the glare ol the seaichhghl When 
the glare w.is switched off, however, a stygian 
darkness reigned —a darkness broken only bj 
a flashing light or group of lights emitted b\ 
some unknown deep-sea creature For, as at 
this gicat depth no fiagment ol sunshine ran 
penetrate and illumine the wondeis ol King 
Neptune’s kingdom, some of the wend tii- 
habitants are gilted with the power of generating 
their own light, and on thtsi the uiiillumined 
ones have to depend for guidance 

Though both these scientists discounted the 
dangerous nature of their record exploit, the lay- 
man can readily understand the danger when it is 
explained that at a depth of half a mile the 
bathysphere was subjected to a pressure of 
over half a ton to the square inch, and that each 
window held back over nineteen tons of water 
Had there been a flaw in the steel or the quartz 
the scientists would, m an instant, have been 
crushed to pulp. The world can ill afford to 
lose such original investigators of Nature’s 
secrets. 



THOUSANDS OF TONS OF FLOATING MFNACE 
While on ice paitol a ’thip hroaclcasti infoimation fom timei a day as a mailer of routine, hut u does not 
send out special injormation or wainings unless requested to do so bv some vessel 


CONQUERING THE ICEBERG MENACE 


I CEULRCS ahead ' ” Not so many yea>-s atjo 
this cty was one which stiuck tenor into 
the hcaits of all on board ship Today 
— thanks to the ceaseless vif^ilance ol a Itw 
brave men — it is rare lor it to cause moit than 
a little mild excitement among the passengers 
The story of how the iceberg menace m the 
North Atlantic has been overcome opens with a 
gteat and terrible disaster On the night of 
April 14—15, 1912, the then largest and most 
luxurious passenger liner in the world, while 
■on her maiden voyage, collided with an iceberg 
off the Newfoundland coast and went to the 
bottom with the loss of over one thousand five 
hundred lives. 

Only a few days previously it had been 
proudly asserted that the ship was unsmkable, 
that she could remain afloat whatever happened. 
A single iceberg tore her heart out, the Titanic 
was so fearfully mauled that, though the sea 


wa.s perlectly i aim, she sank within two and a 
half houis 

Until this app.ilhng catastrophe shocked the 
nations into action, no svstematic attempt had 
been made to comiiat the ice peril ol the Noith 
Atlantic, though the picscnce every spring ol 
thousands of icebeigs .and vast stretches ol 
dangeious ice, drilling south Irom the Aictic 
towards the busy transatlantic ocean loutes, 
constituted a menace ol the first magnitude 

Following the Titanic disaster, a world-wide 
demand arose lor a patrol of the ice-inlested 
zone The United States icsponded promptly, 
two naval cruisers were sent to the dangei 
area and kept there until the “ season ” lor 
icebeigs was over. 

The following year two United States 
revenue cutters were detailed for the task, while 
the British Government sent the specially 
equipped steam trawler Scotia to assist. 
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In November, 1913, an International Con- 
ference on the safety of life at sea met in London 
and resulted in the inauguration of the Ice 
Patrol Service in the North Atlantic. 

Formed as a branch of the United States 
Cotistguard Service, the patrol, which was to 
consist of two vessels, was to be maintained at 
the expense of thirteen nations with extensive 
shipping interests in the North Atlantic. Its 
duties were to patrol the ice area and make 
ice observations during the period of danger, 
and during the remainder of the year to keep 
the transatlantic “ lanes ” or shipping routes 
clear of derelicts 

It was a huge task The entire ice patrol 
area extends from forty-mne degrees north to 
thirty-nine degrees north and from sixty degrees 
west to forty-two degrees west Even when the 
land area of Newfoundland and the compara- 
tively large stretches of warmer and consequently 
ice-free water are excluded, there remain over 
one hundred and fifty thousand square miles 
of fog-ndden and storm-tossed ocean to cover 

KNOWN AS THE “ CRITICAL ” AREA 

Clearly, no two ships could ever hope to 
patrol adequately, even in fine weather (which 
is the exception there), so vast an aiea But 
since the danger to shipping is not equally 
spread over the whole extent, it was not 
considered necessary to attempt this Herculean 
task, which would require a whole fleet of 
vessels 

A smaller area lying between forty-six degrees 
and forty-one degrees north latitude and 
fifty-two degrees and forty-six degrees west 
longitude, was marked out as the “ principal ” 


area. This principal area encloses a still smaller 
stretch of water known as the “ critical ” area, 
so called because ice-fields and icebergs found 
in It may be expected to drift across the 
important transatlantic lanes. 

The critical area has no exact boundaries, 
because the ocean currents change direction 
here with bewildering rapidity, with the result 
that icebergs and fields drifting in one direction 
on one day may be moving in an exaedy 
opposite course the next. 

HANDICAPS OF THE PATROL 

The patrol ships concentrate upon the 
“ critical ” area, which they scout as thoroughly 
as weather conditions will permit every three 
or four days The handicaps under which the 
patrolling is earned out may be judged by the 
following extracts from an official report. They 
are taken from the record of a single cruise of 
fourteen days 

“Dense fog set in early Maich 13, and 
continued thioughout that day and night until 
04 30 (4 30 a m ) March 14. 

“ On the morning of Maich 19, while heaving 
up the port anchor, in anticipation of westerly 
gales which were making up rapidly, at 05 30 
the anchor chain parted just short of the anchor, 
and the anchor was lost The wind rose 

steadily, reaching gale force at 06 00, and con- 
tinued fresh westerly gales throughout the dav 
The Mendota lay to until the morning of March 
20. Scouting was impossible because of the 
very rough seas 

“ . scouting was impossible on March 22, 
so the Mendota lay to awaiting more moderati 
weather ” 



THE CUTTER SENECA ON ITS LONELY VIGIL 
Jhe Ice Patml Service is a branch of the United States Coastguard Service. It consists of three vessels which 
are maintained at the expense of certain nations with extensive shipping interests in the North Atlantic 



This IS not an exceptional report Dunnp 
mother cruise in the same season scouting was 
interrupted by fog alone on six occasions 

While on patrol a ship broadcasts ice informa- 
tion lour times a day as a mattci of routine, but 
It does not send out special infoimation oi 
ivarnings unless requested to do so by some 
vessel or if any unusual circumstance demands 
it 

WARNING TO SHIPPING 

An iceberg drifting on an uncertain course 
near a steamship “ lane ” is deemed cause for 
a special broadcast For example, on March 
15, 1935, the patrol cutter Mendota, having 
received news of an iceberg in latitude forty- 
four degrees forty-mne minutes north longitude 
forty-four degrees forty-five minutes west, trans- 
mitted at 3.30 p.m. and 4pm speaal broad- 
casts warmng all ships on a certain track to 
proceed with caution, since the ’berg was only 
five miles south of the track and its direction 
of drift was uncertain. 

A warning of this kind from the patrol is the 


equiv.Tlcneof an ordei, and shipmasters neglect- 
ing OI disobtying such instiuctions are liable 
to disciplinaiy action on arrival in poil 

.Since the patrol ship on duty spends most 
of its time 111 the “ ciilical ” aiea, it has to 
icly largely upon r.idio reports concerning the 
reni.ainder of the ice patiol area 

DAILY ICE REPORTS 

Equipped with the most modern and power- 
ful wireless appaiatus, it is in touch day and 
night with the Hycliographic Office of the 
United .Stales Navy at Washington, it receives 
daily w'calhet and icc reports from radio 
stations m the United States and Canada, while 
all ships within the ice patrol area are requested 
to broadcast every four hours weather repoits 
and mlonnation concerning any ice sighted. 

During a single season upwards of one 
thousand ice reports may be received from 
ships, while ten times that number of water 
temperature reports will be filed. These latter 
are made by shipping to assist the patrol 
towards the solution of us most difficult problem. 
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the plotting of the exceedingly complicated and 
varying system of ocean currents flowing round 
the trail of the Grand Banks of Newfoundland. 

It was early realized that a simple patrol of 
the ice area, even though supplemented by 
reports from many sources, was in itself an 
inadequate precaution It was necessary to 
discover if possible what causes governed the 
routes of the drifting icebergs and icefields. 
This involved intensive study of the ocean 
currents in the patrol area. 

HELPING SHIPS IN DISTRESS 

In 1923 a third vessel was added to the patrol. 
It did not go on scouting cruises like the others, 
but was intended to act as a standby and very 
shortly became in effect a seagoing laboiatory 
engaged in scientific research upon the prob- 
lems posed by floating ice. 

One of its mam jobs is the production of 
current maps for the patrol vessels A current 
map covering up to fifty thousand square miles 
of ocean takes about ten days to prepaie, and 
so rapidly do the ocean currents vary in these 
troubled seas that one of these maps cannot be 
relied upon for more than a week or ten days 
aftei It IS completed 

The Ice Patrol Service must never allow 
other calls, howevet urgent, to interfere ssith its 
primary duties of ice-observation and scouting, 
but It not infrequently happens that the vessels 
find It possible to give a helping hand to ships 
in distress 

On one occasion a patrol boat which had just 
concluded a tour of duty had at once to go to 
the aid of a Belgian steamci which had broken 
Its rudder. It towed the Belgian lor ovei seven 


hours before handing it over to a salvage tug. 

About three months later the same patrol 
boat received a call from a steam trawler 
asking for medical assistance, and in open ocean 
took on board foe treatment a member of the 
crew suffering from seriously septic wounds. 

The nature of the work demands that the 
patrol boat seek out the most dangerous 
stretches of water. “ Due to moderate gales and 
heavy seas,” one report states, “ the Pojitchart- 
rain lay to, drifting through the day and night ” 
— in an area in which there had been sighted 
within the previous forty-eight hours three ice- 
bergs, two “ growlers ” or small ’Ijergs, and a 
large icefield. 

The moment there comes a patch of 'fairer 
weather the crew spring to feverish activity. 

Though many people believe the contrary, 
the patrol ve.ssels do not attempt to destroy ice- 
bergs Years of experiment piovcd that it 
was far better to let Nature do that )ob. 

ICEBERGS DEFY HIGH EXPLOSIVES 
In the early years both gunfire and I’ N T 
(trinitrotoluene) mines weic tried with at best 
only disappointing results A high-explosive 
shell will certainly blow a few tons of ice into 
the sea — but what is that to a five bundled 
thousand ton rnonstei foui -fifths of the bulk ol 
which lies lielow the waves ^ 

The patiol authorities hold it to be “ an un- 
warrantable risk of life” to attempt icebcig 
destruction, and nowadays conccntiatc all 
their cHoits upon accurate location and 
observation of dangerous icebeigs and icefield' 
and upon methods of forecasting which way 
and at what speed these aie likely to drift 



GIGANTIC FLOATING MOUNTAIN OF ICE 

A photograph taken from the deck of the Pourquol Pas’, in which a group of French scientists sailed to 
Greenland in 1931. The ship was ^terwards lost off Iceland 




COMPETING IN BRITAIN’S EASTFST RACE 
(Left) John Cobh, holder of flic BiooklaiuU hip iciord in 19^7, in hii Napier-Railton (Right) Auitin 
D./hion drning an Alfa-Ronuo The "five hundred mdet" n the fasten British lace of the year 


TRIUMPHS OF THE MOTOR CAR 

M otoring i", so modern tliat the man United Kmt;dom, of which nearly one million 
whoin\enled the words “ motoi tar ’’ ught hundn d ihousand were private cars 

and “ petrol” is still living m 1938 Every day m the year saw' five hundred new 

Ht IS Mr Fred ( r ick R Simms, who hrst usrd cars put on the road If all the cars and business 
the tei'ms m an aiticle m 189G vehicles eould have been assembled at one 

In 1897, lire year of Queen Victoria’s rnonu nt on the high ^ays of ihe country, theic 
Diamond Jubilee, Mr Sirnms founded the would have been sixteen to every mile 

Automobile Club of Great Britain and Iicland, In 1897 the British motor industry was 

the parent body of the Roval Automobile virtually non-existent By 1937 it had become 
Club There were then less than twenty people one of the greatest m the country, it employed 
m Great Britam who owned piivate motor in manufacture, maintenance and repair of 
vehicles. And very heartily the remainder of motor vehicles one million three hundred 
the population hated that little band of pioneer thousand people , paid nearly ^33,000,000 in 
motorists One member of Parliament referred vehicle tax and over ,£'43,000,000 m fuel tax 
to motor cars as “ slaughtering, stinking In 1937 for the first time in history the 
engines of iniquity ” production of motor vehicles in the United 

In 1937, only forty years later, there svere Kingdom exceeded half a million In 1936 the 
two and a half million motor vehicles in the industry used for manulacture and repair nine 
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hundred thousand tons of iron and steel and 
twenty-four thousand nine hundred and fifty 
tons of non-ferrous metalSj sixty-three thousand 
five hundred tons of rubber and forty-seven 
thousand lour hundred tons of cotton, wire 
and other constituents for tyres, and one 
hundred and ten million board feet of timber 
for coachwork, plus such trifles as ten thousand 
tour hundred and ninety tons of paint, five 
thousand tons — or nearly nine million square 
feet — of glass, and over eighteen million square 
yards of trimmings. 

MILLIONS OF TONS OF FUEL 

Users of motor vehicles consumed one 
thousand three hundred and sixty-four million 
gallons of petrol, fifty-seven million gallons of 
fuel oil and thirty-three million nine hundred 
thousand gallons of lubricating oil, quantities 
which together represent a weight of nearly 
five and three-quarter million tons 

How IS one to account for this prodigious 


development ? Five main reasons arc generally 
given In 1897 the internal combustion engine 
was in its infancy, it was crude, inefficient 
and unreliable. Today it is highly efficient, 
with the result that fuel consumption and 
running costs have been greatly reduced while 
reliability has become very high. 

MECHANISM PROGRESSIVELY IMPROVED 

In the same way the mechanism and the 
tyres — a most important and costly item — 
of the motor car have been progressively 
improved and their prices reduced, so that the 
expense of maintenance has been brought 
within the reach of myriads of people. 

Increased output, standardization of models, 
and keen competition between the makers of 
motor vehicles have so cut puces that today 
It IS possible to purchase a really good machine 
for a comparatively small sum of money 

Even so, scores of thousands of people who 
now possess cars would have been unable to 
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BIRTH OF A MOTOR CAR 

scene in a foundry. Molten iron which will ultimately form part of a motor car pouring in a white-hot 
stream from the blast furnace into a great ladle. The iron will be alloyed with steel. 
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WF.I.niNG BODIES I OR CARS 

A machine which welds into one piece tlu' fiont rooj pane! and the hack and side body panels of a motor 
car Technically known as an electric fiadi welder, it operates with a Jorce of \0Q h p 


afford them had 't not bc-eii lot tlu universal 
spread of the hiie-pui chase and deferred- 
pay im rit systems 

J'hese owe then vogue largely to the conquest 
of business by the motor vehicle Business 
people m Britain were somewhat slow to 
appieciate the value of mechanical liansport, 
but today for the ma|ority the ((ucstion is not 
so much, Can I afford a car •’ as Can I afford 
not to have a car ot cart ^ 

NO EASY CONQUEST 

Despite its universalitv today, the motor car 
did not quickly or easily achieve popularity 
It was not until well on in the twentieth century 
that it overcame the innate prejudice against 
It of both man and beast 

One need not be so very old to remember the 
days when horses shied violently whenever they 
saw a motor car, and when the motorist’s 
passage through the countryside was marked 
by a trail of slaughtered chickens. 


As late as 1910 a petition was sent to Qiieen 
Maiv couched in the following terms “ The 
village women of the United Kingdom humbly 
beseech youi Majesty to help us to get some 
relief from the motor cars We are sure your 
Majesty cannot know how' much we suffer fiom 
them They have made our lives a misery. 

“ALW-VYS IN DANGER” 

” Our childien are always in danger, our 
things are ruined by the dust, we cannot open 
our windows, our icst is spoiled by the noise at 
night 

“ If they could be made to go slow through 
the villages it would be a gieat thing, but we 
are only poor people, and the great majority 
of those who use motor cars take no account 
of us We do not know what to do, so we appeal 
to your Majesty to use your great influence on 
our behalf.” 

The grievances enumerated in this petition 
have not yet been by any means completely 
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eliminated Children are still in danger, and 
though motor cars are far quieter than they 
used to be, one’s rest is still liable to be disturbed 
by the noise at night. And — sad but true — too 
many motorists still have not manners enough 
to “ go slow through the villages ” 

Only the appalling clouds of dust in which all 
motor vehicles used to proceed have been 
absolutely conquered And that may be con- 
sidered a sixth good reason why motoring has 
become universal 

PRODUaNG A “HORSELESS CARRIAGE” 

The history oi the motoi car may be divided 
roughly into four periods; of invention, expen- 
ment, popularization, and univeisality Experts 
are now busily prophesying when the fifth and 
final period, that of saturation, wall be reached 
As is usual with experts, they are disagreeing 
violently 

There is no need here to discuss the disputed 
question of w'ho invented the high-speed 
internal combustion engine There are few 
inventions of any importance the origin of 
which IS not disputed As a rule, previoas 
inventions and discoveries having biought a 
major invention within the range of possibility, 
a number of scientists set to work on the 
problem, usually independently, and which 
one actually solves it first is not infiequently an 


open question Besides, the first invention is 
almost certain to be crude and imperfect, and 
other minds than the original inventor’s 
invariably add improvements and refinements. 
So it was with the internal combustion engine. 

In 1882 Gottlieb Daimler (1834-1900) and 
Wilhelm Maybach gave up their jobs in a gas 
engine factory to devote themselves to the 
production of a “ horseless carriage ” They 
produced their first engine, a horizontal air- 
cooled motor with tube ignition, in 1883 They 
built another engine, fitted it into a bicycle, 
and are said to have tried this out, with results 
not over satisfactoiy, in Novembei, 1885 In 
1886 they produced the first Daimlci motor cai 
a four-wheeler with a 1^-h p air-cooled engine 
Their second car, a great improvement on tin 
first and in essentials a true ancestor of the 
modern car, was produced in 1889. 

WIFE DANCED FOR JOY 

Me.aiiwhile, Karl Benz (1844-1929), like 
D.aimler a German and a maker of gas engines, 
was experimenting along similar lines, but 
\Mth this difference, that viheieas Daitniei had 
in mind an engtnt wimh could be fitted to 
existing vehicles, Benz had conceit ed the ide.i 
of producing a radicallv new type of vehiclt 
designed to carry an inleinal combustion engine 

In 1885 Ben/ jiroduted a thiee-wheel cai 



FORD MOTORS 

, FITTING PISTONS IN CYLINDER BLOCKS 
The castings for eight-cylinder blocks such as these demand high quality iron of accurate analysis The 
blast furnace in which such iron is produced is a marvel of almost entirely automatic control. 
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TESTING FtGHT-C\ LINDER ENGINES 

N asioiiis/iin!; ai the <:pced at whic/i wuilved opcratim, are aimed out in a modem moloi lui I at tot r (s the 
lint unity aaiiracy tihieh is maintained at ettry stage 5/IO,000//w of an inch n a measuiemeiit in constant use 


\\itli a f-h p (.nRiiu’ He iriade his first tual 
ol this 1.1 the laid ol his woiks at M.iiuiheim, 
.iiiU greatly to the drlighl of his wile, who is 
said to have darned (oi |oy, succeeded in 
gitlmg the eai to make ioiii complete ciicuits 
ol the ).ird beloie an ignition wi.r Inoke 
When this was lepaiitd, the cat went on again 
until the tiial was ended by (he bre.rking of a 
side chain 

FRIGHTENING THE AUTHORITIES 

Bemt’s first attempt at a public trial was a 
fiasco, tor his cai crashed against the wall of his 
yard and consecjucntly never reached the open 
load This did not daunt the mventoi, who a 
week later diove out on to the streets of Mann- 
heim and covered a measured kilometre at 
7^ miles an hour, thereby thrilling hugeciowds 
and thoroughly frightening the local authorities 

They informed Benz that this “ record ” 
speed must nowhere be e-sceeded, and that 


within the town he must consider half that his 
rnaxniinm 

This lesliictiori, liampciing though it must 
have bien, was not ncailv so bad as the anti- 
c|u.iled Highway Art ol I3bj which held up 
invention in Bril.un Benj.imin [.acolis built in 
188t>, and exhibited at the Crystal Pal, ice, a 
conv'iitcd horse pha'-ton fitted vvith a ?-h p 
oil engine, while Fdward Butler fumed out 
between 188G .ind 1889 tricycles fitted with 
petrol engines, his third effort having a four- 
stroke engine with epicytlit geai 

MAN WITH A RED FLAG 

T’he w'ork ol both these mventoi s was robbed 
of immediate results and the piogiess of British 
motoring blocked by the law which said that 
no one must drive a locomotive along British 
roads at more than a walking p.ice, with less 
than three attendants, or without a man walking 
m front bearing a icd Hag 
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This law was not repealed until 1896, by 
which time motoring had, to use an Irishism, 
got well on its feet. In 1896 Mr. F. W. Lanches- 
ter’s first car was completed and put on the 
road. This, the first British four-wheeled 
petrol-dnven car, had a 6-h p. single-cylinder 
air-cooled engine, later changed for a two- 
cylinder horizontally opposed motor which was 
mounted on the rear end of the chassis. 

SHAPE OF THINGS TO COME 

Mr. Lanchestei’s car had also features closely 
linking it with the motor vehicle of today. In 
1894 a Panhard car had been designed which 
directly foreshadowed the modern car . it had a 
vertical engine under a bonnet, a foot ac- 
celerator, clutch and brake pedals, and sliding 
gear transmission operated by the right hand 
The original Lanchester car had pneumatic 
tyres, epicyclic gears within its gear box, roller 
bearings of the type universal today, a live 
axle, mechanically operated inlet valves and 
mechanically controlled lubrication, while a 
year later it was fitted with worm drive and 
magneto ignition 

The Daimler patents had been taken up 
in France by the famous manufacturers 
MM Panhard and Levassor, and in 1895 a 
Continental-built Daimler appeared in England 
In Britain these patents were first acquired bv 
the British Motor Syndicate Ltd , which undct 
the auspices of the British Motor Manufactui ing 


Company Ltd., built a number of “ M.M.C.” 
cars; they then passed to the English Daimler 
Motor Company, which was registered in 
1896 and bmlt its first car in rented premises at 
Coventry. . 

Other companies were formed about this 
time to manufacture motor vehicles. One of 
these bore the delightfully pretentious title of 
“ The Great Horseless Carriage Company 
Limited,” but sad to relate, though the company 
leased part of a factory in Coventry, it passed 
out of existence without ever having placed a 
“ horseless carriage ” on the road. 

WAITED FOR SIXTEEN YEARS 

In America a patent for a motor car had been 
taken out in 1 895 by an inventor named George 
Selden The interesting point about this patent 
is that It was originally applied for in 1879 
.Selden, a keen business man, had been content 
to let his invention lie idle for sixteen years in 
the hope that a considerable demand for motoi 
cars would arise 

His patience was lustified, he sold the 
controlling interest in his patent to the President 
of the Electiical Vehicle Company His design 
for a car included a great many of the features 
introduced in Euiope by Daimler and Benz, 
whom he seems to have anticipated by several 
years 

Meanwhile two inventors whose work w'as 
destined to have an exceedingly important 
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HOW THE FLUID- FLYWHEEL WORKS 

The flywheel consists of two separate parts, one fixed to the gearbox shqft {driven shaft), the other to 
the engine (driving shqft). Each half is split up into sections by partitions. (Right) Old type. 
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ON A MAIN ASSEMBLY LINE 


rOHI' MCtTORS 


The ( hassis to the right has luit had an engine placed on it An clahoiate ty stein of conveyers and I'amveyers 
ensurci that each component is delivered at the tight moment in the right place. 


influence on the later development of the motor 
car — an influence tin full extent of which is not 
vet realized — were successlully lounding oil 
their researches 

Between 1885 and 1890 Heibcrt Akroyd- 
Stuart (b 1864) look out patents lot an engine 
working on heavy oil. whiU m 1892 Dr Riuioll 
Diesel (1858-1913) patented his eornpression- 
ignilion engine, the first engine being built 
lliree years later 

FIRST GREAT MOTOR-CAR RACE 

The year 1895 was marked by the fust gieat 
motoi-car race There had been a competition, 
or trial run, the year beloic in France, (or 
which one hundred and two cars were entered, 
though only tw’cnty-six competed The 1895 
race arose out of a conletence ol motor manulac- 
tuiers and pioneers called m France by Count 
de Dion, himself a noted pioneer and with M 
Bouton the producer of a noted make of car, 
the famous dc Dion-Bouton 

It was arranged that the lace should be from 
Pans to Bordeaux and back, a distance ol 
seven hundred and thirty-two miles The 
starting point was Versailles, and at noon on 
June 1 1 fifteen petrol-driven cars, six steam- 
propellcd vehicles and one electric car 


embarked on what most people ol the time 
regarded, with some justificatKiii, as a wild and 
reckless adventui e 

Casualties among the competing cars were 
numerous, less than half the starteis completed 
the coui-se The lace w'as won by a Daimler 
type Panhard and Levassor ear v’llh a 4J-h p. 
Phtrnix engine, which accomplished the re- 
markable leat of doing the entire run without a 
single breakdown The winner’s time was 
forty-eight hours (orty-eight minutes, an average 
of fifteen miles an hour, the top speed achieved 
being 18J miles per hour 

DEATH WARRANT OF STEAM 

This first long lacc not only proved that the 
petrol-driven motor car could be icliable, it 
also signed the death w.iirant of the steam- 
propelled car to which the de Dion-Bouton 
and other companies were still pinning their 
faith WTile eight out of fifteen petrol cars 
finished, five out of six “ steamers ” failed to 
stay the course 

As a result, while twenty-nine petrol cars 
lined up for the next year's race, which was 
from Pans to Marseilles and back, a distance 
of nearly one thousand one hundred miles, 
only three steam-propelled vehicles put in an 
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appearance, and not one of these went the whole 
way. All the petrol-dnven cars finished the 
course, the first prize going again to MM 
Panhard and Levassor. 

If you want to know what these early cars 
were like you have only to attend the annual 
“ Old Crocks ” run liom London to Brighton 
held in November in celebiation of “ Emanci- 
pation Day ” — the day on nhich the Highway 
Act ol 1865 was repealed and the man with 
the red flag ceased to convoy British motor cars 
m the manner of steam-rollers It is a unique 
sight 

The oiiginal “ Emancipation D.ay ” run took 
plate on .Saturday, November 14, 1896, three 
months after the Royal Assent had been given 
to the Locomotives on Highways Act which 
did away with the oppressive restrictions on 
motoi vehicles Fifty-four cars took pait, 
including a number both of steam and electric- 
allv-propelled vehicles, and it is interesting to 
retail that the first vehicle which arrived at 
Biighton ,\nd confotmed with the legulations 
io! the run was a motor lius, <is familial now 
;is It v\as strange then 

Among the entries for the 1937 run was the 
first motor veliitle licensed for public hire in 
London, a Canstatt Daimlei built in 1894 and 
fitted with a two-cylinder b-h p engine and 



MAKES BODY PANELS 
An electric presi which shapes four body panels 
a mnute m a senes of operations. 


belt drive; an Arnold motor carriage with hand 
brakes on the rear hubs, spoon brakes on the 
rear wheels, and a sprag to put under the wheel 
in case you had to restart on a hill, a Benz 
dogcart built in 1&98 and still in regular use, 
and a Benz of 1899 running on thirty-year-old 
tyres. 

These old cars were certainly made to last, 
the Benz dogcart had had no major replace- 
ments in forty years Perhaps the most iiiteiest- 
ing paiticipant in the f937 run — from the 
ordinary person’s point of view, at any rati- 
was an 1897 Hurtu which had been left 
abandoned in a field for so long that a tree had 
grown up through it The tiee had to be tut 
down before the cai could be moved, yet this 
derelict was still able to take to the higliiwiy 
again 

ERA OF EXPERIMENTS 

If one may venture to assign dates, one may 
say that by 1895 the puiely mvenlive era of the 
motor car was ovei, and that the nc\t fouiteeii 
years constituted the exptrinicutal ua Duiiiig 
those years cats ol every desciiptioii weie put 
on the load 1 he number ol cvhndeis for an 
engine vaiied liom one to si'cteen, and the 
engines wete placed at the hont. the back oi 
the middle of the tar Clhain drive, (iitLion 
dtive, bevel geai dine, sliding goat and plaiie- 
taty tiansnnssion, v\heel. liai, biiytlc handltbai 
and tiller steinng all at ti acted mamilactuit i s 
ol uniloi mitv in si/e, sliajic, design oi t quipmt nt 
theie w.is little or none 

Bodies V anged fi oin h ank imitations ol existing 
vehicles to complete Iv novel shapes Among tin 
forniti weie the phaeton, tht landau, tin 
hansom cab, the biougham and the goveniiss 
f .11 , among the latter tonti a|)tions which looki d 
like ciosses between a b.iby’s piam and a coster\ 
bairow 

CONFUSING PERIOD OF DEVEI.OPMENT 

It was an inevitable if confusing period of 
development On the one hand theie were 
those who realized that iht motoi car tv as 
something entiiely new, on the other the vast 
mass of tiaditionally-minded folk who always 
wall peisist 111 trying to fit any novelty into the 
already existing state of affairs, regardless of 
how' violently it upsets them Among these 
latter the representatives of Biitish officialdom 
were piominent 

You will remember how, over a century ago, 
the first railway coach designers fitted the wheels of 
Ihcir vehicles into the ruts made by horse-drawn 
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conveyances, consequently standardizing ior 
the greater pait of the world a gauge — 4 feet 
inches — which was patently inadequate fiom 
the start and is today more than evei so. 

In the same way, unhappily with much 
success for many years, central and local 
authorities in Biitain and elscwhcie tried to 
compel the motor car to adapt itself to the 
existing roads and lanes, instead of realizing 
that here was a levolutionary means of tiansporl 
which demanded an entirely new type of 
fiighw'ay if It was to he developed piopeily 

WITHOUT LEVEL CROSSINGS 

We are today only just beginning to emerge 
lio'ii the chaotic and dangerous state ol affaiis 
this lack of foresight caused, and as yet not a 
quarter of the roads of the United Riiigdom are 
111 any way fit foi motor tiafhc Seveial Con- 
tinental lounlnes aie tar ahead ol Britain in 
this lespect In German v cnei one thousand 
miles of autobahnen, oi nioloi highways, have 
been made m lecent veais Built lot speeds up 
to one hundied and filty miles an houi, ibcsi 
loads aie without le\el crossings, bmiges cany 
one road ovei the other, and suhsidiaty loads 
join tlu mam highway always at acute angles 

It IS diflicult to understand this lack ol lore- 
sight By 1896, when alter a still fight Biitish 
inolonsls won the right to diive at more than 
thiee miles an houi, motor cais were alrcadv 
being inn long distances along roads at sptids 
up to twenty miles an houi 

DUST AND MUD 

Reme.uiber what the loads of that peiiod wcic 
liki Almost without except ion— save whcie 
an old Roman toad had remained in use — they 
wcie bcilh nanow and winding, overshadowed 
m many paits ol the country by high hi-dgcs 
and full of shaip curses and blind corners 

The first-class metalled roads weic mar- 
adamizcd, that is, they had a suilate of 
biokcii-up stone crushed in by a steam rollci 
Second-class roads were often little better than 
cart tiacks, and weic mended, if at all, by the 
simple expedient of dropping a layer of 
broken-up stone on the surface and letting 
traffic crush it m. (Such mending, incredible 
as it may seem, persisted m country districts 
long aftci tlie conclusion of the wai ol 
1914-1918 ) Even the best roads gave off 
clouds of dust in summer, while their surfaces 
weie many inches deep m mud after a generous 
downpour of ram. 

MM - I* 



CHASSIS DYNAMOMET! R 
Chass!.', mounted on a machine which mcaniics the 
power developed bv the enptiie 


5 oil would have thought that it must have 
been obvious to tlu incruiest inielligcnee that 
vehicles travelling at the unpiect d( med speeds 
which even the early tars deveUmt-d would 
require widei and str.iightei roads with duslless 
surlaccs 5'ou would h.ivc imagined that 
business men iii particular would have leaped 
to the ide.i th.it this new and speedy means of 
tianspoil, given proper facilities for develop- 
ment, meant foi tunes in their pockets .md 
deposits m the banks 

Yet what actual!, hajipened InsUad ol 
immediately pl.iiming a comprehensive syshm 
of arterial roads, officialdom jsinncd down the 
motor cai to a maximum speed ol fiist iw’elv'e 
and then twenty miles an hour in older to cnsuie 
ihiit It might trav'el m salety on the existing 
io,ids 

Of course, the policy failed. Mototists would 
not — in fact, almost could not —keep down even 
to twenty miles an hour, and an elaborate 
system of police-traps on the roails produced a 
state oi widespicad cxasjieration as its oiilv 
tangible result T he motor t ar has nevei 
travelled safely on British roaJs, it has always 
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been the most dangerous form of transport m 
existence on them, and the terrible toll of death 
and injury it still ex^ts bears daily witness to 
the inadequacy of the roads. 

OFFICIALDOM WAKES UP 
It was not until about 1910 that officialdom 
in Britain began to realize that something ought 
to be done about the roads A Road Board was 
constituted, and iLs chaurnan told the Press 
that, “ After the coming of the railways the 
roads fell into neglect,” but that “ vve have 
now come to an age of motors, and again the 
construction and maintenance of the loads 
becomes a matter of great importance ” He 
added that “No one can say what the future 
use and value of our roads will be ” 

It is easy to be wise after the event, but it 
seems strange that so late as 1910 a prominent 
official could profess such ignorance of the 
future of road transport. For ten years the 
motor car had been patently and successfully 


challenging the age-long supremacy of the 
horse-drawn vehicle. For eight years London 
had had regular motor bus services, which had 
increased so rapidly that within eighteen months 
of the formation of the Road Board the last 
horse-drawn bus owned by the London General 
Omnibus Company was to be withdrawn from 
service The taxi made its appearance on the 
London streets about 1903 and quickly began 
to displace the horse-drawn hansom and 
“ growler.” 

FIRST RACING TRACK 

For at least ten years before 1910 the motor 
car had been demonstrating that its speed 
w'ould demand a new conception of road plan- 
ning The “ Tour de France ” automobile 
race of 1899 was won by a cai which covered 
one thousand three hundred and seventy-seven 
miles at an average speed ol over thirty miles 
an hour In 1903 the Hon C S Rolls, noted 
both as motoring and aviation pioneer, covered 



PLACING BODY ON CHASSIS 

IFAen the chassis receives a body the car is practically complete except that it lacks wheels. Body ond 
chassis travel together through the mounting shop on a chain conveyer while they are being bolted together. 
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ALMOST READY FOR THE ROAD 


FORD MOiOK«) 


After completion each car n taken on to the toad and pa\',ed through a vanetv of test\ designed to reveal 
imperjections If any ate found, the ear is paaed to a special department for attention 


a measured kilometre at 82 U miles an hoiu 
and m die same year a cai vs.is di m n lumi I’aiis 
to Madrid at an avciagc speed ol osei sixty-fivc 
miles an houi 

In tilt lollovimg year a thiee-figure speed 
s\as reached when Rigolly thuiiderid down ihe 
road near Ostend at 108 50 miles pei hour on 
a Gohron-Bnllie In 1909, on the newly 
established rating track at liiooklaiids, in 
Surrey — the first in the world — a Benz lai 
reached nearly one hundred and tliirtv miles 
an houi. And — porten' ol a different kind — 
in 1910 the arnyal of the first “ baby ’’ car 
heralded the era of motoring for the tmihon. 

RACES ON THE OPEN ROADS 

Even the accident toll m the earlier days of 
motoring might have taught the urgent necessity 
for adequate roads Curiously enough, motor- 
racing had a tremendous vogue long before 
the motor car made its way into business and 
private garages. All the earlier motor races 
took place on the open roads, Brooklands was 
not built until 1907, and then only because 
road-racing was not allowed in England. The 


viorkl's 'econd racing tiack, at Indianapolis, in 
USA, was not constructrd until 1911 
Another thirteen yeais were to elapse betore the 
fust mcing track in Euiopc was opened at 
Monllheiy, near Bans 

GUARDED BY POLICE AND SOLDIERS 

Tremendous ciowds attended these races, 
and the routes wcie usually quite inadequately 
policed It was not long belore cars were 
developing very high speeds, and since every 
car raised a very m lelstrom of dust in dry 
weather, both cais .ind crowds were licquently 
almost hidden in the smothei, with the result 
that shocking accidents were by no means 
uncommon 

The climax was reached in 1903 when the 
French Government actually stopped the 
Gordon-Bennett Race from Pans to Madrid at 
Bordeaux on account of the disastrous series of 
accidents which had marred the earlier stages 

Alter that experience stringent regulations 
were laid down for road-racing Road surfaces 
were specially treated, the sides of the road were 
strongly palisaded, roads were closed to all 
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other tralTic, and strongly guarded by police 
and soldiers 

Yet the obvious inference that if motor races 
required special roads ordinary motor cars 
would want the same, was not drawn, particu- 
larly in Britain, in spite of the fact that these 
earlier racers were not for the most part 
specially designed racing cars, but ordinary 
models stripped of unnecessary fittings and with 
specially tuned-up engines 

How much this failure to provide motor roads 
for motor cats retarded the progress of motoring 
it IS impossible to say Certain it is that the 
decision to improve the toads coincided with a 
tremendous expansion in the popularity Oi 
motoring To use a familiar phrase people 
became “ car conscious ” 

Between 1909 and 1912 there was a steep 
upward rise in the number of cars on the road 
In the United States of America, for example, 
p.'oduction in 1909 was almost exactly double 
what it was in 1908, one hundred and twenty- 
seven thousand seven hundred and thiity-oiie 
cats being pioduced as against sixty-three 
thousand five hundred Thiee ycais later 
pioduction had leaped to three hundred and 
filtv-six thousand With this increase the name 
of Heniy Ford is closely associated 



FILLING UP WITH SOLID PETROL 
Ftlkng a lorry with solid petrol which is produced 
by distillation and looks like pieces of coal 


The World War brought civilian motor car 
production in Britain and Europe almost to a 
standstill, but it gave the motor vehicle a unique 
opportunity to prove itself as a quick and 
reliable means oi transpoit 

One of the unforgettable feats of the early 
days of the war w'as the commandeering of the 
Pans taxi-cabs during the Battle of the Marne, 
and the conveying in them to the battlefroiit 
of the infantry of hall a French division. 

“ OLD BILL ” AT THE FRONT 

In October, 1914, the Allied Armies had 
twenty thousand motor vehicles of every 
description on the French front This quickly 
proved to be not neaily enough and laige 
numbers of civilian vehules w'cre requisitioned 
Over one thousand three hundred London 
“General” buses went to the fiont, and one 
at least achieved enduiing fame Old Bill, 
still preserved and on histone occasions biouglit 
out upon the road, was one of the famous 
“ B ” type buses put on the load bv the London 
General Omnibus Gompany in October, 1911) 

This model made tianspoit historv, for it was 
the first standardized chassis piodiited by the 
LGOC, after experiments with o\ri thiitv 
diifen nt types The “ B '' buses wen poweiicl 
with a lO-h p engine and piovided accommo- 
dation foi ihiity-ioui passengers, eighttin 
outside and sixteen inside Ihey had solid 
tvres and open tops, the fust double-dci kc r 
with a covered upper deck was the ' \S " of 
1928, whiili was also the first to be ec)uipped 
w'lth pneumatic tyres 

No account of the work done in the wai oi 
1914- 1918 by motor vehicles would be complete 
without reference to the part played by tlu 
motor cycle 

ENTER THE MOTOR CYCLE 

Though motor bicycles had bee n m.adc from 
1885 onwards, they did not become leally 
popular anywhere until about 1911. Then, fur 
some reason or another, the youth of Britain in 
particular took to them as one man. It became 
suddenly the burning ambition of every boy 
to be the owner of a “ motor bike,” and since 
in the majority of cases funds were scarce, all 
sorts of weird and wonderful antiques began to 
appear on the road alongside the new and 
recent models that wealthier members of the 
community were able to buy. 

Hire-purchase was at that time relatively 
unknown in the motor trade, and dealers must 
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have hunted out and put into “ wot king order ” 
—or, as so often proved to be the case, semi- 
w 01 king order — every derelict that they could 
lay their hands on Some ol these ancient 
machines must have been lying about in 
garages or on sciap-hcaps lor years 

On the outbreak of w'ar in 1914 thousands oi 
young men did their utmost to enlist both 
thcms'.lves and then motoi cycles m the aimy 
Many weie unlucky, fur the War Oflice proved 
fiiiK ky about machines Quite rightly so, as 
manv a blue and white arrnletcd dispatch ndei 
at tin Iront was to discover within a veiy lew 
weiks 

HEROIC DISP4TCH RIDERS 

The epic story of the dispatch iideis who 
duimg the eailier pait ol the Woild War 
Ijlmdt'l then wav ovei toads stored with 
shi 11-holi s, hlK iial w ilh dcltnsand ollen lainmed 
\Mlli (iaus|ioil wagons, is one th,u will bea. 
uttiiuig many a turn Some o! then exploits 
ni.ikc dul-tiack lacing at as most (uiious sound 
like .1 pastiiiif loi (.hUil) and invalid ladies 
lnuuei.liatf ly ,iltti the vvai thete was a 
tiemendous bnoai m nioloimg ol eveiy desciip- 
lion The vouiig min who loi foui yeais had 
1)1 til dtiiied llu iiutmal [ilc.isutcs of youth 
caint back home i agei to have ,i fiiiig bdoi< 
south (h patted loi evi i , uid as one wav ol 
satislyirig iht it pent-up energy liought tliim- 
selves the fesu si things on two liii'x oi to' i 
■vlicels they could lav th<ii hands on, and iliovt 
them as svviltlv and leiklissiv as iIt'v tould 

\DVENT Oh IHE MOI OR COACH 
Many oldei nun, some of whom when then 
Wiir gialuitus wcie pud lound iheins' Ives in 
possession 1)1 .1 laigei sum ot leady inoiiev than 
they had evei had beloic, derided lo' v iiiuus 
ri asons to bus themselves a. cat A muuhn ol 
thost who cam< bark to had thcmsclvi s w ithout 
a )ob, especially those who ha 1 scivcd in the 
mechanical transpoil section of the Army 
Set vice Clorps, invested their capital in a garage 
and lepair station, and not a lew such reaped a 
rich reward lot then coutage m setting up on 
their own Otlicis - piobably more, alas'- - 
speedily lost all their hard-earned savings 
Meanwhile business and industry were learn- 
ing to adapt themselves to peace-time conditions 
in a gieatly changed world Almost with one 
consent they began to find the motor vehicle a 
necessity The army had taught the value of 
mechanical ti ansport, manufacturers were now 



EYSrON'S 1 HU N DCRBOl/l 
The cat m whit.', tapuiiii 0 0 7 tvsloii htokc the 
woH i V hmd sf ' ed wcurd in 1938 


able to piodiicc good cJiea]! velmus, uitiy 
loiittv and cars vveie to be bought loi a song, 
while hois< s v\» rc .ilmost di am 1 b.m i K |)lianls — 
.11 any laic, no! only the bug coiiciiis hut also 
eveiv little htisniiss and ivciv iiatlisman of 
any standing suddenly louiicl it uicumbetil to 
possess a motoi vellicli* oi some seal eii anotlici 
Pi ole ssionai men, doctois, suivevois, t oiiuticr- 
cial tiaveileis and salesmen lik, wise luok toeais 

Anothei deve kipmciit gave an added impulse 
lo iiio'oring This vvas the aelvciit ol the long- 
distance motoi coaeh It ariived first ,is a 
seasonal kuilitv enahliug pe-ople to indulge' iti a 
novel inel exciting toim ol hohdav “ 1 he 
motor oat lung season,” vvtote' a ue'ws- 
paper ceirrcspeuideul ui 1928, “ picuiuscs to 
be meiie suexesslul 'hau cvci this ye,ii For a 
stait a six-dav lout to the West ol Faigland 
h,is been ariaugcd loi F’.astei Motoi coaches 
will leave London on rimrsdav lot Rouriie-- 
mouth, and on the lollowing days Dort liesler, 
F.xctfi, I'orcjuay, Wells, Bath and otliei places 
will he visited 

“ Motor coaching will begin regulaily m 
May, when there w ill be depai lures from London 
to North and South Devon and North Wales ” 

This universal demand lot motor vehicles 
naturally led to mass pioductiou ol the moie 
popular makes 

What does mass pioduction mean m tv, ms 
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of motor vehicles ? A glimpse into the working 
of an English factory will give some answer to 
that question. 

Some twenty thousand different components 
go to make an average car An elaborate 
system of conveyers, transveyers, travelling 
bands, belts, chains and cranes, worked by a 
central electrical power and .steam healing 
plant, ensures that each component is delivered 
at the right moment in exactly the right place, 
so that work proceeds as it were, automatically, 
and is never delayed 

WATCHING A CAR GROW 
On the assembly lines one can literally watch 
a car grow On delivery at the works ail 
components ate consigned to the stores, where 
a rigid inspection is earned out Then as 
required they are fed to the assembly lines by 
high-speed travelling overhead cranes, which 
are in turn fed fiom a central gantry which 
obtains its supplies irom the stores by convcyei 
Such components as require enamelling go 
first to spiay booths, where they aie sprayed 
with preserving black, alter which a carrier 
conveys them through a drying oven 
Chassis frames go first to the diillirig fixtures, 
whete all necessary holes, such as engine bolt 
holes, are drilled and the holes and their 
positions tested by jigs I’hen the frames go to 
the chassis assembly lines, where they aie 
simultaneously supplied with engine, back 
ax.lc and propeller shaft 

ALMOST HUMAN MACHINERY 
Engines arc delivered to the factory tested 
and run-in, the units being complete except 
for a few accessories They arc stored m i.uks, 
on four-wheeled trolleys lor ease in handling 
A travelling elevator selects them Irom the 
lacks and delivers them on a gantry to the 
engine sub-assembly lines, where th( accessories 
are fitted, alter which they are lifted by a mech- 
anical hoist and lowered into position on the 
chassis through an opening m the gantry floor 
A mechanical traiisfci dtvice feeds axles Irom 
the axle stores on the mechanical hoist which 
delivers them to the chassis assembly lines. 
Every component is tested as it arrives 

Wheels are fitted with tyres, the latter arc 
inflated and the wheel assembly is fed on to the 
wheel conveyer, an almost human piece of 
machinery which can distinguish between 
different sizes of wheels and deliver each 
automatically to its correct position on the 
right assembly line. 


When the chassis are finished they are 
placed on a transveycr which feeds them on to 
one of the two conveyers These carry them 
to the body-mounting shop, w'here a third 
conveyer, running parallel with the two 
bearing chassis, brings alongside trimmed 
bodies A mechanical travelling overhead 
hoist picks up a body and loweis it on a chassis. 
The two are then delivered on to a transveyer 
and brought into register with the body- 
mounting line. 

The assembly of a body is in itself a master- 
piece of craftsmanship The story begins in the 
wood mill, where huge quantities of prime- 
seasoned timber arc cut up and machined to 
very close limits, actuiate master jigs being 
used to test all opciations Other )igs ensure 
absolute accuracy when the individual com- 
ponents are assembled into roofs, body sides, 
doors and so on before these latter pass to the 
mam body assembly line 

FIVE COATS OF CELLULOSE 
The body )oincd togethei, it is inspected 
and conveyed to the (.ellulosc shop, where it is 
fust spraved intcinally with pieseiving black, 
and the metal panels are cleared of grease 
Then the piimiiig coat, consisting of three to 
SIX (Oats of fillei aci ordmg to the model, and 
a coat ol stain an. applied, the body passing 
through diving ovens after each application 
After a nibbing down to ensure smoothness 
of surf, ICC the body leceives a sealing coat and 
foui ('o,iis of cellulose colour It is then sanded, 
given a fine mist coat ol cellulose colour and 
finally hand polished 

READY FOR THE ROAD 
Me.anwhilc, in the tiimmmg shop seat 
cushions and scpiabs, door trimmings and so on 
have been picpared After leaving the cellulose 
shop the bodies are placed on ;i body-trimmmg 
conveyer to receive iiitenor trimmings and to 
have windscreen, window' glasses and louvres, 
roof-lamps, rear blinds, sliding lieads and the 
like fitted Last of all, the rear wings are 
afhxed, and the bodies pass on to be joined 
to the chassis 

Body and chassis travel together through 
the mounting shop on a chain conveyer, while 
they arc bolted together, and seat and flooi- 
boards, gear box, pedal dust excluders, facia 
board, windscreen wipers, scat runners, front 
number plates, sun visors, bonnet, and seats 
are added. Another inspection, and the 
completed car is ready to be tested. 




MASSF.D START AT BROOKLANDS 

Over thirty well-known inoloiing aces left the stalling hue for this nice that for the International Trophy at 
Drooklancis, Weybrtdge, Suney The BiouklimUs tiaik was opened m since when it has been enlarged 


Expert testers take each car on to the road 
and pass it throujih a vaiiety oi stiff tests 
designed to reveal any impel fcctions If any 
aie found, the defutivc rais aie passed to a 
special department lor attention If a car i' 
passed as correct, it is washed with aiUi-scratcli 
prepaialioii and handed over to the final view 
department 

Here it is inspected miniilel, lor .iiiv adj.M- 
iiienls or blemishes rcvialtd during the road 
tests, given a final polish, and li.inded oitr to 
the dispatch department, whence it passes to 
showrooms and ultimately to purchasirs all 
over the world 

FORTY MILLION MOTOR VEHICLES 

There aie said to be today about lolly million 
inotoi vehicles in the world, oi roughly about 
one to every fifty people The vast majontv of 
these are private cars, tiadc vans and loines 
such as are to be seen evcrywfiert on the 
roads But the motor vehicle is for ever con- 
quering new fields and opening up new ways 
in the history of tianspoit Many men who 
served in the World War will still remember 
vividly that September morning in 1916 when 
the first tanks went “ ovci the top ” to strike 
terror into the hearts of the enemy Today 
every army is rapidly being mecham/ed to 
consist of units largely dependent upon motor 
vehicles. 

The long-distance coach has for years been a 


familiar ugh' on British roads, and today' it is 
possible to travel bv this means fiiuii i nd to 
ind ol Britain In North America Invurv motor 
luailies link up the United Stales lioiri noith 
to south and fiom east to west in a network of 
loules. 

TRAVTL DAY AND NIGHT 

Sonii. ol these coaches, w'hith tiavel day and 
night, aic mirarles of eom]>ict arrangement. 
On the “giound Hoar,” so to speak, is to be 
found between the vs heels commodious luggage 
space, wink bi Innd the back axle is a noise- 
eliininating power plant On the “ first floor ” 
are double and single sleeping berths, on the 
“second ” compartments containing armchair 
scats winch can be converted into sleeping 
berths at night 

Double insulated walls prevent noise from 
distuibing passcngeis and keep temperature 
ev'cii, adjustable tables allow for writing, meals 
or card-playing, green tui tains shut out too 
much sun by day and ensure privacy at night 
Each beith has individual lighting, the coach 
carries toilet lacilities, a refrigerator and a radio 
set, and a porter travels w'lth it to serve reliesh- 
ments, attend to passengers’ wants and look 
after the sleeping beiths. 

Built as single units, the body and chassis 
being made together of steel and strong 
aluminium alloys, these coaches have controls 
operated by compressed air, Westinghouse 
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air-brakes and a microphone pick-up to enable 
the driver to hear the motoi running The 
coaches are driven to schedules demanding 
average speeds of up to thirty miles an hour. 

ACROSS THE SAHARA DESERT 

Until recent years a journey across the 
Sahara Desert was a difficult and dangerous 
feat, but rarely attempted by individual 
travellers The motoi car has so simplified it 
that today tourists are taken for )oy-rides across 
the desert’s burning sands The Syrian Desert, 
though not so vast, was likewise regaided as a 
formidable undertaking, today a huge motor 
coach carrying sleeping accommodation for 
fourteen passengers plies between Damascus in 
Syria and Baghdad, capital of Iraq 

To prevent dust getting into the coach even 
tlie joints between the metal panels of which 
the exterior is made are soldered, cemented 
together oi painted over As a result the coach 
carl pass through the most blinding dust storm 
without the least inconvenience to drivct or 
passengers 

The Sviian Desert is noted for its extremes of 
heat and cold — the temperature may rise from 
below freezing point to over ninety degrees 
Fahrenheit in six or seven hours — but the sides 
of the roach arc lined with a layer of kapok 
three inches thick, so an even temperature is 


maintained within, where the occupants breathe 
nothing but conditioned air. 

These coaches are nearly sixty feet long; they 
have ten wheels and are powered by 150-h p 
Diesel engines capable of maintaining across 
the desert tracks a speed of sixty-five miles an 
hour One coach, claimed to be the largest in 
the world, is sixty-eight feel long and runs on 
eighteen wheels It has an engine of 185-h p , 
and Its oil tank holds two hundred and eighty 
gallons. The journey of five hundred and 
thirty miles between Damascus and Baghdad 
takes normally fifteen to eighteen houis, 
including one two-hour stop, wdiicli means an 
average speed of thirty miles an hour or more 

CONQUERING THE MOUNTAINS 

Mountains, like deseits, can be conejucred by 
the motor car In 1929 a 7-h p car was driven 
to the lop of Table MouiiUun in .South Aliica 
The journey took lOJ houis and included a 
climb of three thousand three hundred fcti 
along paths never before traversed bv cat — 
a climb described as a “ motoi mg nighimaic ” 
After the first hundred yards the car was nfvti 
out of bottom gear, rough granite slopes <ind 
precipitous ledges had to be negotiated, boiildi ts 
and bushes sciambled over, vet immediatelv on 
its return to Capetown thi car was le-starttd 
and driven about the streets and ran ptifccth' 



POWDER-FUELLED ROCKET-CAR AT SPEED 
Fritz von Opel at the wheel of one of his own rocket-cars on the Avus Speedway, Berlin. The designer of 
the car was Max Valter, who attained one hundred miles per how in a rocket-propelled car. 
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AT SPEED ON THE PFNDINE SANDS 

Captain George E T Cyston in his Dieset-engined lai Flying Spray on the Penihne Sands, Carmarthenshire 
in 1938 Eyslon drove his Thunderbolt at over three handled and fijly-seven miles per horn 


The agricultural tractor has lor many years 
hccii used for farming, particularly in countucs 
ohcic fields are huge and vast stietches of land 
,-iif devoted to a single crop Its comparatively 
slow spread in Britain is mainly due to the 
small si/e ol the fields on most far ms, which 
makes inaiucuviing difficult, and led British 
laimets to think the tractor an uriecimomical 
proposition, 

FOR OIL PROSPECTING 

In Louisiana a vehicle h.is rucntly been 
intioduced lor oil prospecting which toinhmes 
the attributes of motor car, agiitultuial traitor 
and motor boat The '■ marsh buggy,” as it is 
lulled, lan tiavcl on the road at thirty-five miles 
pti hoiii, across maishv land at ten to tuilvc 
miles .in hour, and in water at ovci si,\ knots 
J t consists of a jilatfoi m on an articulated frame, 
and has lour aluminium wheels made m the 
shape ol drums five feet si's inches in diamrtri 
1 he tytes are ten feet in diameter and three h< t 
across 

Cars built for speed-record breaking and 
motor racing are today miracles of ingenuity 
designed to extract every ounce ol speed from 
then (usually) supercharged engines The 
lamous Bluebird m which Sii Malcolm 
Campbell achieved a speed ol over three 
hundred miles an hour, and Captain Eyston s 
Thunderbolt, the seven-ton lacer in which he 
wrested the land-speed record fiom CampVicll, 
covering a mile in )ust over ten seconds, 
have been too often described tci need comment 
here, One of the strangest racers ever built is 


that designed by R'ld Railton, designer of ihe 
Bluebirds, ioi ilir Hiooklands champion, Jolm 
Cobb It has b. , n tUsc ''>ed as suggi stum die 
appe.iiaiice o' i wlialt or some sightless monsiti 
ol prch/siutii ages” ft has a diiKliibli 
alutnniiiim skin, no radiatoi, no fm nui no 
fraiiu A icelaiigulai sled giidei hums thi 
spmi ol the cir and blanches mlo a link at 
eithci end 

On iiihei side o' llns girdei and moimtid on 
an oulngg'i is a siipeieh.iigi d tweivc-t vlmdci 
I,'’50-h p N.ipict Lion aero-engmi , shiiig at an 
angle J liese two engines, by tin wav, wi m not 
built lor Ibis car bin loi ({une another jiuipos . 
Ivarh engine ha^ its own throttle, clutch, 
gear bo\ ,md traiisniissioii braki, hut the tvvo 
arc linktd so llnil the diivii controls both by 
nil alls of-i siiigli -throttle [ledal, gear-levci and 
foot biakt 

SrniNG ON A DART 

The body bulges sughtly ovi r each of the 
four win els, and the driver sits ovei the liont 
axle, right up in llie nose ol the marhiiif, m a 
position that lias been desciibed as ” sitting 
on the hunt cmd of a dait at full speed ” The 
real wheels die set three leet six inches apart, 
the liont ones five leet six inches Both sets aie 
complrtily enclosed, and both take the engine 
diive The car weighs only two tons, being the 
lightest ever built for speeds over three hundred 
miles per hour 

Racing IS one method of testing out new types 
of engines, new gadgets, nevv ch,vssis and methods 
pf springing The lehability trial, a good 
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example of which is the annual one thousand 
mile rally of the Royal Automobile Club, is 
another and perhaps better, for its entries consist 
of ordinary touring cars and it takes place over 
ordinary — and some extraordinary — roads. 

CEASELESS SEARCH FOR PERFECTION 
In one way and another, in the laboratory, 
in the testing shop and on the road, a ceaseless 
search for perfection in engine, body, material 
and accessories goes on The man in the street 
who buys a car can have little conception of the 
concentration of thought and skill which has 
gone to the making of every single component 
What will the car of the luture be like^ 
Today, thanks to lecent researches which have 
affected not only motor cars but also lailway 
locomotives, steamships and aeroplanes, our 
thoughts are all towards streamlining with its 
save in air resistance But streamlining alone 
will not make a perfect car 

It does nothing, for example, to minimize 
the risk to life and limb upon the roads Foi 
this experts aie prophesying the use of short- 
wave ladio to guide cars automatically round 
corners, two-way wireless installations to give 


automatic warning of approaching traffic at 
cross-roads, infra-red lights actuating photo- 
electric cells on approaching cars to check 
their speed and make collisions impossible. 

Batteries of road-surface wipers similar to 
windscreen wipers will, we are told, prevent 
skidding in the future, while cars will actuate 
automatic lighting on the road and turn night 
into day. But perhaps the invention the 
ordinary motorist will most eagerly look 
forward to is the promised mechanism which 
automatically dries a car at once after washing 
or being in the ram If it removes mud as well 
It will have a world success 

WITHOUT GEARS OR CLUTCH 

In 1938 a motor car without gears or clutch 
created a .sensation in the quiet streets oi 
Cambiidge It was driven by a turbine operated 
by a stream of oil delivcied by a centrifugal 
pump worked by the engine The invention of 
Commendatore Piero Salcrni, who had expcii- 
mented on it lor nine yeais, this revolutionary 
engine had been tested over 70,000 miles of 
good, bad and indifferent roads before the 
WO! Id was aware of its existence. 



RACER OF STRANGE DESIGN 

John Cobb's 1938 racing car, built to attempt the world's land speed record With it the famous driver 
achieved a speed of over three hundred and fifty miles an hour. 




PHOTOGRAPHING STARRY HOSTS FIGHTY MILLION LIGHT YEARS AWAY 
Dr M L Humaion photographing specho of vprv famt nehiihr with the Mavlon lent, the fattest camera 
lens ever used in astronomical pholog'iiphv, and the ht'iulied-tnch u letcope at the Mount Wilson Observatory. 


BRINGING THE 

S OME sciences ama7c astronomy slaaj^cis 
It deals with conceptions so vast and 
incompiehensible as to make the mind 
leel Many ol the figures which the asiionoinci 
lias to handle are almost meaningless to the 
man in the street, for they represent distances 
lieyond all human standards ot comparison 
Ihesc distances are so huge that to express 
them in the normal units ol measurement 
IS impossibly cumbrous Consequently the 
astronomer has had to devise his own units 
The Moon is two hundred and forty thousand 
miles distant from the earth VVe can imagine 
that distance; it is about equal to nine journeys 
round the world The Sun is approximately 
three hundred and eighty times as far away 
Of that distance we can form no clear idea, lor 
though we live in an age of speed and travel 
we have not yet got to the point ol being able 
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to conceive ourselves doing nearly three 
thousand fi\e hundred consecutive journeys 
round the world VVe may, ot course, in the 
future 

The mean distance ot the Sun Irom the Earth, 
approximately nincty-i\''o milhon nine hundred 
thousand miles, luinishes the astronomer with 
the smallest of his units lor celestial measure- 
ments '] Ins “ astronomical unit,” as it is called, 
does not carry him very far, foi by comparison 
with the stars, the sun is but a step or two 
distant horn the earth. The astionomical unit 
becomes far too small lor ready reckoning once 
the astionomer passes beyond the limits of the 
solar universe And that universe is but as a 
drop in the ocean of space. 

Light, which travels at one hundred and 
eighty-six thousand three hundred and twenty- 
six miles a second, takes only about eight 
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AT MOUNT WILSON OBSERVATORY 
A tower telescope one hundred and fifty feet high, 
the function of which is to examine sun-spots 


minutes to reach the earth from the sun. The 
astronomer reckons the distance of the stars in 
“ light-years.” A light-year is the distance 
light travels in one year, and is sixty-three 
thousand times as great as an astronomical unit 
It IS approximately 5,880,000,000,000 miles. 
That IS a distance utterly beyond the com- 
prehension of the human mind 

In 1922 the International Astronomical 
Union gave ofhcial sanction for the use of an 
even largei unit than the light-year. This is 
the “ par-sec,” which is equal to 3 3 light-years, 
or roughly nineteen billion miles. 

OUR NEAREST STAR NEIGHBOUR 

Proxima Ceniaun, believed to be the nearest 
star to eaith (though it may be that Wolf 424, 
dis( ovcrcd in 1938, is slightly nearer), is 4^ 
light-ye.irs distant from it. The nebula in 
Andiomeda, which is the remotest object in 
the licavi ns that can be seen with the naked e>e, 
IS nine bundled thousand hght-yeais aw’.iv 
F.ven that colossal distance is trifling when 
placed ag.ainst ihe inci edible — but not im- 
measurable — vastness ol space 

The .Vlilkv Wav, that gigantic bell of light 
enliicly suirounding the eaith which is oni 
of the inosi clisliiK live and loveliisL oinamints 
ol die iiighi sk), is made up of uncounted 
millioes ol stais, of which our sun is oni 
Foimiilv It was bthcv’fd that the sun occupied 
a position at or near the centre of the Milks 
Wav , It IS now held to be anvihing iVoiii 
twenty million to fifty million light-ycais 
distant lioin that centre 

THANKS TO THE TELESCOPE 

In 1937 a photograph w’as taken of tin 
spectra ol nebulat, or groups of stais or gaseous 
mattei, calculated to be eighty millmn lighl- 
years distant fiom the earth I’hat photograph 
was taken at the Mount Wilson (Ibseivatois 
in Calilornia, USA, with the aid of the woildS 
largest telescope, a gigantic instrument contain- 
ing a mirror one hundred inches in diarnetei, 
thiitecn inches thick and weighing iiini 
thousands pounds or about 4J tons Dunng 
the day the mirror is kept cool by water 

Without the development of the big modern 
telescope astronomy must always have remained 
a very impel feet and restricted science. Tin 
astronomer is not entirely dependent upon it, 
like other mortals he can observe with the naked 
eye a certain number of stars, and his knowledge 
of natural laws and of mathematics enables 
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MACHINE FOR GRINDINO DISK OF GIANT TFLhSCOPE 
The machine on which the Iwo-huiidied-imh iiiiiioi hv;v liiouiid at the Cu/ifoinia /mtiriiti ut Tcihnologv, 
Pasadena The grinding material med is caihoiiindian, a pound a! whah will iimine a pound of glaa. 


him to deduce from the positions, sizes and 
motements ol those he can sec tiie cxistei'ce ol 
otheis beyond tm\isual tjune But williout the 
aid ol powerful lelcsiopes he could ntvei hope 
lo penctiatd beyond a very limited distance 
iioni the earth. 

VISIBLE TO THE NAKED EYE 

FVith the unaided buinaii esc it is possible 
fioni aiiv given position on the taitli to set 
approximately two thousand stais In 19S8 
time was completed, after thirlv-fiv'c veais ol 
lalsour by two American astionomcis, Lewis 
Boss of Albany, L! b A , and his son Benjamin, 
a New General Catahigue of Stars, which 
indexes all the stars visible to the naked eye 
from all parts of the world 1 he total numVier 
does not reach ten thousand The catalogue 
similarly classifies all the stars brought into the 
field of observation by a small teleseope, the 
grand total is thirty-three thousand three 
hundred and forty-two. 

This represents but the minutest fraction of 


the sum total of the heavenly bodies Ash-ono- 
meis hate long b( cn avtarc lhat the stars m 
lluir ci'utses .ire lo be nurnliered, not by 
thousands but i>v riiillions .ind b) thousands of 
millions Ihged b> an insatiable desire to 
probe even fuithir into the mjstenes ol syiacc, 
they have ever since the iiiv'cntion of the tele- 
scope in the sixteenth centiiiy been seeking to 
extend its lange and pow'cr It has not been 
easy to bring the stars neater 

REFRACTORS AND REFLECTORS 
The developmtnt ol the telescope since the 
davs of Galileo and Sir Isaac Newton has 
resulted in two distinct types, refractors and 
rcHectois, each with its own distinctive value, 
and each today normally specialized in its use 
In the refracting telescope the image ol the 
ob]ect observed is caught upon an oViject glass 
at the upper end of a long tube and observed 
through a smaller lens with high magnification, 
called the eyepiece, at the lower end Thus the 
rciractoi gives direct observation When the 
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object to be viewed is sufficiently large or bright 
the refractor with its high magnification is the 
ideal telescope When the object is too small or 
too dim for its image to be visible on the object 
glass another method has to be employed. 

In a reflecting telescope the place of the 
object glass is taken by a large concave mirror 
The purpose of this is to collect light from the 
object to be observed and to reflect that light 
on to a smaller lens or to some auxiliary 
instrument, a spectroscope, a photometer, a 
thermo-couple for measuring heat, and so on. 

LIGHT INVISIBLE TO THE EVE 

The larger the mirror the moie light it can 
collect. Make a mirror sufficiently laigc and it 
will pick up light invisible to the human eye, 
even when aided by a jiowcrful refracting 
telescope. The nebulas eighty million light-years 
distant from the earth which were photographed 
in 1937 by means of the one hundred inch 
Mount Wilson reflector arc thirty ihousand 
times fainter than the faintest star visible to the 
naked eye Continue the jjrocess, and if, .is 
many scientists believe, space is finite, it should 
be possible eventually to construct a minor 
that will reach to the uttermost boundaiies of 
space 

For that reason, among others, the world’s 
largest telescopes today are all leflectors Both 
types have incieased greatly in size since 1823, 
when the first real modern iclraetor was 
constructed, but whereas the limit in useful 
size ol the iclraeting telescope seems to have 
been reached, that of the leflectoi remains 
bounded only by the problems of manufacture 
and cost 

According to an expert who had much to do 
with the design and coristi uctiori ol the Mount 
Wilson one hundred inch reflector, “ anything 
up to a telescope a hundred leet m apertuie 
can be built, provided one wants to pay lor it ” 
Actually, designs havi been made for a reflector 
with a mirror twenty-five feet across, but as 
such a telescope, it is estimated, would cost 
appioximatelv /j3,000,000, the project has not 
yet been put into execution It is leasonably 
certain that it will not be allowed to remain 
merely a papci plan for ever 

A century ago a refracting telescope was 
constructed with an object glass of fifteen inches 
diameter No substantial increase in size was 
made until 1868, when a twenty-five inch 
instrument was installed at Gateshead. After 
that progress became rapid. 


So efficient did the Gateshead telescope — by 
far the largest of its kind in the world at that 
time — prove that scientists travelled from 
Washington, capital of the United States, to 
inspect It They wrfre sufficiently impressed to 
order a twenty-six inch instrument, which was 
completed m 1873 

The next twelve years saw three still larger 
refracting telescopes constructed, and in 1887 
a gieat advance was made when a thirty-six 
inch reliactor was installed at the Lick 
Obscrvatoiy on Mount Hamilton, in California, 
USA. Eight years latci this observatory 
acquired a reflector telescope with a mirror of 
the same diameter 

In 1897 Mr Charles Tyson Yerkes, an 
American financier and philanthiojiist, who, 
among othei activities, played an important 
pait m devcloj^iing the London tube railways, 
presented to the Umveisity of Chicago a 
relractoi telescope, m.ide two years previously, 
with an object glass loity inches in diameter 
This was installed in the now famous Yeikcs 
Observatory on Lake Geneva, m Wisconsin, 
USA, and is still the largest clfcctive refractor 
in the world 

Reflet ling telescopes have lor a century and 
a half greatly eviiedcd this size Sir William 
Heischel, the i-rniinnt astioiioiiiei , erected at 
Slough, near Wiiidsoi, m 1789. a leiity-eight 
inch rellectoi The first man to constiuct really 
large mirreiis foi leflecting telt'scojjcs, Herschel 
unforUin.ileK never made known his methods 
of casting and jxilishing, and nearlv sixty j'cais 
elapsed belore anyone else discovered the secret 

MIRROR THAT ESCAPED INTERNMENT 

In 184 ') William Parsons, third Eail ol Rosse, 
an lush astiononiei with a genius for making 
telescopes, after casting several smaller mirrois 
sucecsslully conipleled and mounted a seventy- 
two inch reflectoi at Parsonstown, in Ireland 
For over thirty years this massive instrument, 
which was to remain foi nearly eighty years 
the largest in the world, was used lor observa- 
tional purposes, ehicfly of nebula;, and many 
additions to the stove of astronomical knowledge 
were made by means ol it In 1914 the fifth 
Earl of Rosse presented the mirror to the 
Science Museum at South Kensington. 

In 1888 a sixty-inch reflector was built and 
m 1 908 one of the same diameter was placed m 
Mount Wilson Observatory. Ten years later a 
seventy -two inch reflector twelve inches thick 
and weighing two tons was installed in the 



BRINGING THE STARS NEARER 


279 



INSPECTING THE TWO-HUNDRED-INCH TELESCOPE “ EYE ” 

The bottom surface of the world’s greatest mirror before it left the glass works at Corning, New York, 
on Its journey to Pasadena It was shipped in a steel crate protected by felt, cork and rubber insulation. 
The mirror was too large to go through any of the railway tunnels involved in a direct trans-continenlal trip 
Making a firml inspection of it are Dr. George McCauley and Professor John Hostetter 
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Dominion of Canada Astrophysical Observatory 
at Victoria in British Columbia This mirror, 
by the way, very nairowly escaped being 
“ interned ” during the World War. It was 
cast in Belgium, and only arrived in Canada 
three days before the Germans crossed the 
Belgian border in 1914. 

Barely had this telescope got into full working 
belore there came into use by far the largest 
telescope the world had ever seen This was 



TtN MONTHS TO COOL 
The two-lmndied-inch dnk took mam months to 
cool III the annealer ajler it was cast 


the gigantic one hundred inch reflector at 
Mount Wilson, to which iclciencc has alicady 
been made 

This colossus among stai-gazeis tost /^12.),09() 
and took over nine ycais to Innld The minor 
— which is actually 100 4 inches (2a') cm ) in 
diameter — was designed by George Willis 
Ritchey, an eminent Aineiican astronomer 
noted lor Ins many improvements in astrono- 
mical inst! umeiits He had previously been 
responsible lor the sixty-inch reflector at 
Mount Wilson 

Cast in Fiance, the mirror was alrc.ady being 
ground in 1912, but it was 1921 before the 
telescope was completed Some idea ol its size 
can be gathered fiom the latt that it weighs 
altogether one hundred tons 'Fhe moving 
parts alone weigh 14| tons ITie telescope and 
the dome in w'hich it is housed are operated 
electrically by forty motois, and its enormous 
weight IS carried by large drums floating in 
troughs of mercury. 


Every six months or so the mirror has to be 
taken down to be re-silvered, for the silver 
coating, which is on the front surface, not the 
back as in a household mirroi, quickly 
deteriorates by being exposed to the air and 
begins to [leel oil, thus greatly reducing the 
cfficicncv ol the telescope. 

The mirror is lowered from the telescope 
tube by means of a motor-driven hydraulic 
jack into the silvering room beneath the 
observatoiy flooi Diit and grease are cleaned 
fiom It, and the old coat is dissolved off by strong 
nitric acid The glass is scrubbed, rinsed with 
W’atei and lurthci cleaned with stioiig caustic 
potash solution. It is now leady for the silveiiiig 
solution. 

POLISHED BY MACHINERY 

The contavc lace is filled with distilled water 
to which IS added two g.illons ol rock-candy 
solution To dissolve this I ttei the miiioi is 
rocked vigotoiisly, and ihe locking is continued 
while lour gallons ol silveiing solution aie 
pouicd inU) the liipiid on tin lace 
'Ihe mivtuii turns fust almost black, then a 
muddy colour Ihe siKei sinks to the glass 
and begins to adheie to it, while flaky lumps 
appear in the 'olution and on the siKcted 
surface The initior is now fixed firmly in a 
hoiizontal position and men rub its surface 
lightlv to wipe oil iiiipiiiities 
Tin minutes of this and lour more gallons 
of silvc I mg solution are added. Another tvsentv 
minutes' rubbing, and the liquid is poured oil 
the surlac'e, which is then sprayed w'lth watei 
and diicd Six men with cotton pads remove 
all the whitish deposit they can from the silveicd 
surface and then give place to a rnotor-diivi c 
polishing pad three feet in diameter fins 
continues m action for several houts, employing 
first a pad covered with absorbent cotton and 
then one of chamois skin filled with powdcied 
jeweller’s rouge The mirror is then ready for 
another six months' service. 

EIGHT FAILURES BEFORE SUCCESS 
It may sound to the layman easy enough to 
go on enlarging the size of a mirror lor a 
telescope Actually, the addition of only a lew 
inches to the diameter calls for a great deal ol 
experimental work and the highest technical 
skill The chief problems are in connection with 
the making of the mirror itself, no completely 
satisfactory material having yet been discovered, 
but m addition every item in the mechanism 



BRINGING THE STARS NEARER 


281 



LARGEST SLAB OF PYRCX GLASS EVER CAST 
flow the two-hunch ed-nuh disk ol the not Id's niou powei/ul telescope looked after its removal from the 
annealing; usens I he lun^; task oj giinding it was nut begun until it at used at Pasadena. 


and operation ol (lie telescope has to he eon- 
sidtitd, and adjusted to fit tlic increased size 
ol the inn lor 

Tlu rnatiuracttirds of the one-hundtttl-iiirh 
niiiroi had to tonless to eiijln laihms lielore 
they ptodticed a tlioiouglilv salislactoiy f^lass 
Wlien the telescope was completed, it was 
almost univeisally belli ted that the limit in 
si/( loi such instillments had fieeii reacht d 
Glass niaruilai tillers liankly declared it was 
imposMlili to cast a laigci mirror Like Cnut 
ilies said, “'rims lai and no fai ther ” 

STARS BY THE BILI ION 

But the astroiiomei teas not to be denied 
J’he Mount IVilson itflectoi collected a quarter 
of a million times as much light as the unaided 
human eye, penetrated lour hundred and fifty 
million light-years into space and bi ought 
tiithin photographic langc about 1,500,000,000 
stais All this might seem to the man in the 
stiect quite enough to be going on with, but it 
served only to whet the appetite of scientists, 
VI ho held that the heavens might contain 
anything up to 30,000,000,000 stars and th.tt 
the diameter of the universe was probably in 
the legion of 6,000,000,000 light-years. 

I’heir desire for a larger instiument was 


irnmctisurablv heightened bv the fact that with 
the one hundred inch reflector on Mount 
Wilson wert made discoveries vvhich brought 
theories concerning the sti ucture ol the universe 
almost — but not quite — to solution 

STRUCIURE OF THE UNIVERSE 

The one hundred inch reflector identified the 
nebulte as stellar systems It lollowcd these 
nebular faithci and laither out into space — to an 
incredible distance, but not far enough. It 
gave the astronomer more than an inkling as 
to the structuie of the iimveise, but it could not 
answer the cagerlv dfmaled cjuestion as to 
whether that universe is expanding or not, lor 
at the limits ol its range the effects of expansion 
were barely measuiable, and no certain conclu- 
sions could be deduced from the data obt.iined. 
With a more powerful telescope those effects 
should, as the director of the Mount Wilson 
Observ.itory remaiked, “ be conspicuous and 
unmistakable ” It certainly seemed worth 
striving after 

As a result the International Education 
Board, which administers the John D Rocke- 
feller Trust Funds for such purposes, agreed to 
put up the money for building a larger telescope 
Experiments w^ere made with vanous materials 
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to discover one from which a mirror of unpre- 
cedented size could be cast, and finally it was 
deuded to use a glziss of the pyrex type, or in 
technical language, low-expansion, boro-silicate 
glass. 

The difficulty of finding a perfect material 
is well expressed in the following words of a 
distinguished scientist “ The perfect material 
must be rigid and permanent, but not brittle 
or too heavy, must have a vanishingly small 
coefficient of expansion and conduct heat freely, 
so that it shall not be distorted by temperature 
changes , mast have a very high reflecting power 
for all wave lengths from the exti eme ulti a-violet 
to the infra-red, must be capable of being 
worked to an exceedingly accurate figure and 
retaining it for years without distortion or 
after effects; and must take a high polish and 
retain it free from tarnish or stain under all the 
vicissitudes of the observatory or the laboratory ” 

WORLD’S LARGEST TELESCOPE 

No wonder, after this lengthy list of necessary 
qualities, he was forced to conclude that “ such 
a miraculous combination is too much to hope 
for, we must be content with an apptoxima- 
tion ” 

The telescope finally approved was designed 
by a committee of Arneiican astronomers, 
assisted by British and German devotees of the 
science It was to cariv a two-hundred-mch 
reflector, twice as large and lour tunes as heavy 
as that at Mount ^\llson The construetion 
of the telescope was to be undcrt.iken bv 
the California Institute of Technology, and the 
casting of the minor was safely emiusted to 
the General Electric Company I'hc cost was 
estimated at approximately 1,200,000- -a sum 
in keeping with astronomical hguies 

The making of the minor for this telescope 
ranks among the epics of modern industry 
Experimental and yireparatory woik in connec- 
tion with its casting occupied two years Three 
smaller mirrors —thirty, sixty and one hundred 
and twenty inches in diameter lespcctively — 
were cast to try out the methods to be used 

Early in 1934 there was begun at the Corning 
Glass Works in New York State the casting 
of the world’s largest glass disk Nothing 
approaching its size had ever been attempted 
before, the nearest was the one hundred and 
twenty inch disk made a few months previously 
for experimental purposes. 

A gigantic furnace, thirty feet in diameter, 
was steadily heated up for ten days. Into this 


the raw materials — over forty tons of them — 
were placed and kept for three weeks at a 
temperature of two thousand eight hundred 
degrees Fahrenheit until the whole was melted 
and in a perfect condition for pouring. 

On the morning of Sunday, March 25, a 
distinguished assembly of scientists, some of 
whom had travelled thousands of miles to be 
present, anxiously watched the pouring of the 
disk into a specially prepared mould in which 
It would be allowed very gradually to cool 
Among the six thousand visitors who that day 
passed through the works was Sii William Bragg, 
the eminent British physicist and writer on 
scientific subjects 

At a given signal four men thrust a long- 
handled ladle, cajjablc of holding four hundred 
pounds of molten glass, into the white-hot 
contents of the cauldron They withdrew the 
ladle lull to the bum with a glowing load of 
blindingly hot syrupy liquid, and carried it 
with the aid of an overhead trolley to a brick- 
built, beehive-domed structure some ten yards 
distant 

As the door of this stiuctuie was opened to 
admit the ladlelul of gla.ss, the watching 
scientists caught a brief glimpse of the mould 
Itself, with Its geometrically patterned ribs of 
bricks round a central core, heated to white 
radiance bv a iurnace which maintained the 
tenipeiature in the annealing oven at two 
thousand foui hundred degrees Fahrenheit. 

C OOLING FOR MONTHS 

For ten hours the filling of the mould con- 
tmued Everv five or ten minutes a ladlelul ol 
glass w.ts thrust through one ol the three doors 
ol the case cm losing the mould For a time all 
went vvc-11. each lump ol dough-like glass 
rolled slowly from the ladle on to the mould 
and oozed down into the crevices between the 
hri< ks Then, to the dismay of all, a mishap 
occurred and the possibility ol disaster loomed 
ahead. 

The terrific heat had loosened two or three 
bits of the mould these broke off and floated 
to the surface of the glass Quickly, engineers 
skimmed them off and work proceeded No 
piomt in stopping, it would be impossible to 
tell until the glass had cooled whether the mishap 
would prove fatal or not; and many long months 
must elapse before the colossal disk would be 
reckoned sufficiently cool for grinding and 
polishing to commence. 

Expert opinion held that all that would be 
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ASTRONOMICAL TELESCOPE AT POTSDAM OBSERVATORY 
Potsdam Observatory was erected for photographing light from the stars, mainly for the purpose of investi- 
gating the theory of relativity. The building is so designed as to offer but slight resistance to the wind and 
thus reduce vibration to a minimum. Potsdam is on the outskirts of Berlin. 
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GUARD OF THE GREAT BEAR 
Arcturus is in a line with the Great Bear's tail hence 
ns name, hcar-guard. 

necessary would he to drill holes m the minor 
equivalent to those which the hroken segments 
oi the mould would have made hut |ust m 
case tilt mirioi should turn out uiisuccesslully 
ordeis were given for anothei mould to be 
prepaied During the summci the derision 
was taken to cast a second disk, and the ptiuimg 
of the material took place towards the end of 
the year, Isach of these disks costs 100,000 

THREATENED BY FLOOD 
The fiist disk was taken lioin its annealing 
oven in October, seven months after it had 
been placed there It was still w-ai m I hrougli- 
out this lengthy period of time, netessaiy in 
order to avoid strain m the pvie\ glass .is it 
solidified and coritiacied, the tempei.iniie m 
the fuinaec had been lowered at the late of 
1,4 degiees Fahieriheit a day, until the massive 
slab was cool enough loi a man to stand on it 
without discomfort. 

Actually the lull annealing period for .i disk 
of this size IS eleven months, hut the first disk 
was lemmed eaily from its mould to allow 
for the casting of the second 

Doling tin surninei of 1935, while the second 
disk was cooling disastci was ag.ain ihieatened, 
this tune liy a very different cause In July 
heavy floods spread over New York .State and 
lapped up to the factory walls Hundreds of 
employees and other volunteers toiled all through 
one night and most of the next day building 
dykes to prevent the W'ater, which rose to the 
windows, from entering the workshop. 

If the miiror had been cast m one solid 
piece it would have weighed over forty tons 
It was found possible to reduce the weight to less 


than half by easting a disk with a ribbed back, 
the ribs being so designed that there was no loss 
m structural strength d'hus the back shows a 
geometrical pattern of rings, from each of 
which SIX ribs radiate I'he ribs m the centre 
are sixteen iiithes deep, those on the urn nine- 
teen inches. The total thickness of the mirror 
is about twenty-seven inclies 'The central 
opening in the disk is forty inches in diameter 

CRATE OF STEEL GIRDERS 

When the miiror was completely cooled it 
was packed in a ciate made of steel giidets, 
put on .a special tiaiii ,ind sent across Ameiiia 
bv way of the Pan.inia Canal to the Institute nl 
Tethnology in Cahfoiiiia, where a spcci.ii 
woikshop had been built to receive it 'file 
mdiiect route, involving a jouiney by ship 
thiough the canal, was necessary because the 
miiroi w.is loo laige to go through anv of the 
lailway tunnels involved in a direct traiis- 
conlitienlal tiip 

The work of giindiiig and polishing this huge 



MAKING USE OF STARLIGHT 
The tdeMopc which used the light of Arcturus to 
open the Chtcago Wot Id's Fair lit 1933. 
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WHERE FILMS OF ASTRONOMICAL STARS ARE MADE 
limit for research in the fiehi of mot ton-ptc tare photography oj celestial objects and for the development 
of an insiiumeni Jor the piudmlion of aslronomual pieluiei , the McMath- Halbert Observators. 


slal) ol pyiev was begun m 193(' and is estimated 
to be a iliiee \eais’ job It takes this lime 
liteaust if the glass got even the least bit heated 
It would betonii clisloited So the work has 
to be doiu in short spells at long intervals It 
IS Iteing tairied ottt in a specially designed 
inaehine, w’hieh itself is lortv feet long, thirty 
feet high, and weighs in the neighbourhood of 
one hundred tons 

CONVEYED BY SPECIAL ROAD 

The gi Hiding tool is of the same diameter as 
the disk As the tool i evolves, so it gi mds the slab 
to a paoibohc i urve, accurate — incredible 
though It may sound — to one-milhonth of an 
inch At liequent iiittrtals the work is tested 
lor ine(]uahties of surface By the time the 
grinding and polishing piocess is completed 
some two tons of material will have been 
removed from the slab. 

The final task before the mirror leaves the 
workshop will be to cover it with an aluminium 
teflecting surface four-milhonths of an inch 
thick. 

When this work is finished the mirror will be 


transported to the summit of Mount Palomar 
along a speciallv-built twenty-mile long load 
made by San Diego County, and placed to lie 
on a steel bed in the bottom of the great 
telescope tube vs Inch has been prepared to 
receive it. 

ALUMINIUM-LINED BUILDING 

This tube will have a length of seventy feet 
and a diametei of over twrnty leet Tube, 
minoi and mountings will together w’cigh 
eight bundled tons The telescope will be 
installed in a specially built aluminium-lined 
building. 

Mount Palomar, which is five thousand 
seven hundred feet high, was selected as the site 
for the world’s largest telescope after five 
years’ study of the heavens in this legion 
It was discovered as a result of this prolonged 
research that the sky between the stars is 
darker here than at any other point in the 
south-west of Noith America. 

This IS a vital point with any telescope of the 
reflector type The basmess of the large mirror 
is to catch the light rays from a star, or stars. 
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and reflect them back up)on a secondary mirror, 
or pnsm, where they are held for examination 
or photography. Naturally the darker the 
background of the heavens the brighter a 
heavenly body will show. 

The telescope will not be used to any great 
extent for visual observation. The day for that 



LARGEST IN THE BRITISH EMPIRE 
The seventy-two inch reflectmn telescope of the 
Dominion of Canada Astrophysical Obscrvawrv 


IS largely past, there is little now o( the patient 
observei sitting through the mght “ with his 
eye glued to the telescope ” 

Asti ononiical observation consists mainly of 
photography the observer’s task consists ol 
adjusting the telescope to point towards the 
object to be photographed and then leaving 
the plate in the local plane ol the instrument 
to do the lest 

The positions of stars are now always deter- 
mined by the use ol the camera, which has also 
made po.ssilile accurate deteriniii.ation of the 
parallax, or angulai measurement ol the 
difference between the position of a heavenly 
body as viewed from a point on the earth’s 
surface, and as it would be seen from the ccntie 
of the world, in the case of the less remote star. 

Reflector telescopes are normally used for 
photographic work, since in this type the 
photographic focus is the same as the visual 


one With refractors correction of the lenses 
has to be made, or the photography carried 
out on green plates through a yellow filter. 

CelesUal photography has already begun to 
include cinematography. Near Detroit in the 
United States is the McMath-Hulbert Observa- 
tory, built in 1929 and founded specifically 
“ lor research in the field of motion-picture 
photography of celestial objects, and lor the 
development of an instrument and a technique 
for the production of astronomical motion 
pictures of both popular and scientific interest.” 

ITVO TOWERS IN ONE 

During Its earlier years the observatory, 
which in 1931 was presented by the founders to 
the University of Michigan, used an instrument 
called a spectroheliokinematogiaph, which 
w'lthin a restricted field produced excelleni 
results The need being felt for a much moie 
pow'ciful and adaptable instrument, there was 
installed in 193b a ciicular tower telescope 
capable oi all kinds of solar spectrographic 
research 

The tower, which actually consists ol two 
towers, an innei and an outer, is fifty feet in 
height, with beneath it a spectiograph well 
thiits-one feet deep fhe outer tower is sixteen 
fed SIX inthes in diameter, the inner six leet, 
both aie constiurted ot J inch steel plates and 
strungl) riveted to he.ivy steel beams This is 
in oidtr to reduce deflection and vibration to a 
minimum 

At the foot of the lower is an octagonal 
observing room built of cement blocks and 
approximately twcntv-cight feet in diameter 
The telescopic instruments are housed in a 
steel dome seventeen leet six inches m diameter 
at the top of the tower The spectrograph well is 
cylindrical in shape, lined wath welded steel, 
and contains a central hole four feet in diameter 

FILMS OF SOLAR PROMINENCES 

The tower was completed on July 1, 1936, 
and films of solar prominences were secured the 
following day These films, together with the 
earlier work of the spcctroheliokinematograph, 
constitute the first continuous records evei 
secured of solar phenomena. 

Since then the tower telescope has been in 
continuous use. Early each morning the sun 
is examined with the spectioheliokinematograph 
used as a spectrohelioscope. From this exaimna- 
tion a map of the sun is prepared, showing 
the position of the sunspots and with all 
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prominences classified as to brightness. By aid 
of this map the spectroheliograph, as the larger 
instrument is called, is set to take a photo of 
any desired prominence, From trial plates it 
IS decided which prominence to select for 
photographing by the mam camera. 

The telescope has an arrangement of motor- 
dnven revolving mirrors which are operated to 
reflect the light of the sun down the tower. 
The largest mirror is twenty-two inches in 
diameter and 5| inches thick, the second 
eighteen inches in diameter and 5 J inches thick ; 
both are made of optical pyrex and faced with 
aluminium. 

CHECKED BY SCOUT CAMERA 
The light from the sun is earned down the 
tower by an elaborate and intricate system of 
mirrors and apertures to reach the spcctro- 
hehograph head in the foirn of a spectrum, the 
lines of which are separated to reach different 
lamcras The motion-picture cameia is equip- 
ped with Bell and Howell Supei speed chcck- 
jiawl mechanism such :is is used for superspeed 
■' slow-motioii ” sound cameras The camera 
ilselt was specially built, many of the parts 
being taken liom a second-hand 35 rnni 
camera pui chased in the open market 
All records taken bv the main camera are 
checked by a second, called the scout camera, 
since theic is no ronvenienl wav of cutting the 
negative and developing sections ol it from time 
to tune to keep ti ack of the pet lormance The 
scout camera takes plates legulaily at mterv.ils 
of liom two to fifteen minutes, and these plates 
are taken out and developed immediately, 

FASTEST LENS IN THE WORLD 
This tow'cr telescope is the seventh of its kind 
to be built It contains many unique features, 
and Its installation is easilv first as regards 
shoitness oi exposuie time Eveiy possible 
motion, lunction or change is secured through 
'■lectnc motors, of which there are thirty-ninc, 
with si\ty-one separate ciicuits extending from 
the control room Manipulation and adjust- 
ment are earned out entirely by push button. 

Features of the mechanism of the McMath- 
Hulbert tower are to be incorporated in the 
iw’o- hundred -inch reflector of the Mount 
falomar telescope This reflector will be capable 
of collecting one million times as much light 
IS can the human eye. Dr. Edwin Hubble, 
duector of the Mount Wilson Observatory, has 
declared that it will “ readily detect the light 


of a candle ten thousand miles out in space.” 

It is expected to make possible the observation 
of about SIX million stars, or four times as many 
as previously The lens which will be used in 
conjunction with it, and upon which to a 
high degree the success of the telescope will 
depend, was designed by the British Scientific 



ASTRONOMER’S ARMAMENTS 
For shooting the stars by photography. Astronomical 
cameras, Norman Lockyer Observatory, Sidmouth 


Instruments Research Association and made 
by a British firm. 

Tests carried out at Mount Wilson showed 
this lens to be faster than any other in the world 
It enabled exposures to be made in under 
onc-ihird the normal time. 

Vanous estimates have been made as to how 
fai the Mount Paloniar telescope will penetrate 
into space Dr Hubble says about double the 
distance of the one hundred inch leflector; 
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others say three times as far. Even at the more 
conservative estimate it will reveal a section of 
the um verse eight to ten limes as large as that 
known to astronomers today 

Some idea of its power of magnification may 
be gleaned from the fact that if it could be 
trained across America on to New York, 
three thousand miles distant, an observer could 



AT GREENWICH OBSERVATORY 
The Astronomer Royal, Di H Spencer Jones sitting 
at the great telescope of Greenwich Observatory 


tell a one-storey building in that city horn a 
two-storey one. With the naked eye this can be 
done only up to about a distance o( a mile 

Whereas the Mount Wilson telescope lads to 
bring into view any ob|ctt on the moon with a 
diameter ol less than three hundred leet, it is 
anticipated that Mount Palomar will render 
visible liinai objects with diameters down to 
thirty leet In other words, it will bring the 
moon, actually two hundred and lorty thousand 
miles distant, to within eighty miles. 

It IS confidently expected that it will settle 
once (or all the much-debated question of 
whether there is life on Mars, and give meaning 
to the so-called “ canals ” on that planet which 
have for so long puzzled astronomeis. 

“ Wc believe that we can say quite definitely 
that life does not and cannot exist on some 
worlds,” says Dr. H. Spencer Jones, f r s , 
Astronomer Royal, “ but there is no vsorld 
about which we can really say that we have 


definitely established that life exists on it.” 

Fiesh knowledge concerning the sun will 
certainly be gleaned by the Mount Palomai 
telescope, including perhaps some inkling as to 
whether this star upon which the lives ol all 
upon the earth are dependent is stable, oi 
whether tlieie is any possibility of its one day 
going out m a terrific explosion which would 
mean also the instantaneous end of the earth 
and all things upon it 

But Its mam purpose will be observation ol 
the more distant nebulai, lor which with its 
colossal anticipated range of one million two 
hundred thousand light-years it is evpicssly 
designed If the theoiists .lie aiiywheie neat 
the truth, this distance lepiesents about one- 
fifth ol the diameter oi space 

STARLIGHT USED AS POWER 

In addition to ci'tlain tvidence concerning 
the stiiKtuie ol tht iiniveise, it is possible llial 
the two-hundred-nieh i(flectoi will suppK 
inlormation that will be ol inaieiial and 
financial piofit to man In 1933 rays ol lighi 
from the gi.mt star Arclurus were trapped In 
a tilescopt in the Veikis Obseivatoiy, and 
focused on to a photo-tlectric tell in order to 
dislodge somt elettions 

J'ht tneigv thus cieated was transmitted to 
Chuago mints milts distant, wheie it w'as m.idi 
to “ pitss the button ” to switch on the lights 
and stt in motion the wheels of the gnat 
Centuiy of Pi ogress Exposition The light ra\s 
m.ide to perform this task had tia\ tiled thiough 
sp.act' loi loity yt.iis belore leaching the eailli 
In that time tin v had covered two hundied and 
forty trillion miles 

ENTRGY FRO.M THE HEAVENS 

.Six months latei, in October of tht same y'eai, 
a inooribeam was trapped at Flomice, in It.ih, 
and sent across the Atlantic to Chicago to 
perlorm a similar task The extraordinai il\ 
Intel esting featuie of this incident was th.it the 
rays of the moon were caught by the histone 
telescope made by fiahleo in 1609- IhlO, the 
telescope through which the lamous astronoriin 
first beheld the mountains and valleys ol thi 
moon 

Galileo’s telescope, its eye-piece removed, 
was attached to the modern observatoiy 
instrument with beneath it a motor-operated 
revolving disk and a photoelectric cell. The 
moonlight penetrated the cell, hit the revolving 
disk four hundred and fifty times a second. 
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producing a sound vibration. The cell trans- 
formed this into electrical vibration which was 
cabled to Rome, dispatched by short-wave 
wireless to Rocky Point on the American coast 
and thence telegraphed to Chicago. The 
entire )ourn('v of the light ray, from the moon 
to Chicago via E’loicnce, took 2 seconds 

Ihc Mount Paloinar telescope may reveal to 
man how to make increased use of the energy 
ladiaied by the heavenly bodies The imagina- 
tion boggles at the idea of the colossal foices 
that would be at Ins disposal if evei he learned 
how lo make use of even a millionth pait of 
that energy Vet the idea is not impossible. 

FOR TORONTO AND PRF;rORU 

During th( pei lod coveicd by the making 
ol the two-hundi< d-inch lefltctoi several other 
giant telescopes wcie constructed In .March, 
ITT"), there was com|)leted at .\ewe .istle-on- 
IsiK, allei lout and a hall Jesus’ weak, a 
leflcetoi the mnioi ol whieh weighed two and 
a hall tons, foi the new Dunlop Meiriotial 
Obseivatorv at loionto in Ctin.ula In the 
autumn ol 19'57 the same works [iroduce-d a 
s( ve nts-lonr-inch tellee ten lot the new RadeTtlle 
(Ibsr rv.itory at Pieloiia in .South .Alnea 

1 his telescope, the' nest laigesi in the woild 
.iftei the Mount W ilson gi.mt. has .i tint l\-fi\e- 
iee t tlui.iluiiuntum town and is hesusecl in .i 
sled timet sislv-ont lee l in elMineif'. Round 
this iLiriet theie tiasels a no\d ol>sn\ ilion car 
inenmted on an arm and indi pi ncleut of the 
nio\ line 111 ol the olisiu.uots dome from this 
e.ii the obsnser tan (emtieil .ill llie movcineiits 
ol the entile stinmiie, though the inening 
paits alone of the telescope weigh thiit)-li\e 
tons. 

PRESENTED TO THE RO> AL OBSERX'ATORY 

In 19 )7 .ilso iluic was begun .it Fouif.ilc|uiet 
m the' I'ltneh Alps a le Icsropc designed loe.iiry 
.in eight) -inch lelleetoi Ferur ytais pie'viousK 
the L'uiveisily of 1 rsas in the United Stales 
signed a coiitiacl foi the con.strnction ol a 
telescope with a t dice ten e)l the same diametei 
lor the new Macdonald Oljseisaloiy 

In 1‘I34 the Roy.il Obsetvatoi) at Cieenwidt 
was piesentt'cl with .i lhirt\-si\-inch leflectoi 
telescope compl(.le vsith building and dome 
This was the hist occasion in the two hundicd 
and filty-ninc years ol the obsersMtory’s 
existente that such a gill liad been made, and 
it came about m appaicntly the most casual 
fashion. 


At a meeting of the Bnti.sh Astronomical 
Association in 1931 a friend came up to Sir 
Frank Dvson, then Astronomer Royal, and 
said, “ Would you like a new telescope at 
Greenwich ^ I have a iiiend who would like to 
give you one ” 

The erirei was most acceptable, for the 
olrscrvatory was much handicapped by the 



SEVEN-TON TELESCOPE 
7/ie ihiriv-six-iiuli lelcsiope in the Yapp Telescope 
House of the Roval Ohsenmoiy at Cieenwich. 


inlcriority of the instiumenls then in use .Sn 
1‘iank D\son got into touch w'llh the gentleman 
who piopose'ei to give the telescope, Mr W'rlli.im 
Jolnrston V.i|)p, atrd wrlhtn a lew d.tvs received 
a pioniise ol to cover the entne cost 

The new uisliumciil, which included a 
specti CISC ope, was constructed entiicTv by 
Biitisb laboui It is notable loi its serondatv 
niiiini, the hist ever made of fused cjuart/ m 
Biitain It is, of course, a vc'ry small instrument 
when coinpjied veith the giants of North 
Ameiica, but the atmospheric conditions of 
fiicat Biii.iin appear to preclude the use ot 
larger telescopes 

It must be added that the monster telescopes 
by no means render obsolete smaller ones, 
which continue to do valuable work. 
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jvmg material 


/Waterproof Teit] 


■titic/a t renn 
inttaepiTcS] 


fArtincial amber] 
/•Sa/iciflic a cid/ 
/ftre/i^ters/ 


TRFASURl -TROVr HIDDE.N IN A LUMP OF COAL 
Here are a few of the wonJei/iit things derived In vaiioin proces^c\ fioin coal, which n the vegetation of 
millions of years ago changed hy pressure andih«mi<ul action Its uses seem to he nevei ending When n is 
cooked It gives coke, a valuable smokeless fuel, coal-gas, and a number oj useful b) -products, includin' 
coal-tar. Nearly twelve handled dves alone of voiious shades and colours are manufactured from the 
different constituents of this by-product, which also furnishes mateiicil for drugs, cintisepiics, scent, lubricatinj 
oil, lucQuers, disinfectants and elect! odes. The modern plastics trade depends hugely upon tar. 












BAKING COAL TO GET GAS 

A retou hoii\e con'.i^h oj huge ovem in winch coat tc caibonized. or baked, to extract the gas from it. 
These ovens are healed to a lempeiatuie of over one thousand degrees centigrade. 


MR. THERM’S AMAZING FAMILY 

I N May, 1830. tiicro djod iii P.iiis, in his extent to which posteiily was in lact destined 
sixty-eiL'Iitli veai, a Mi 1'’ A Win.soi, oi to benefit hoin the labours ol the indefatigable 
Winuki, a (jiinuin by liirth, vshosc Mr Winsoi Even the laitci, man oi vision 
obituaiy nolue as printed in a Icadmy Biitish thoutth he was, in al! probability never loresaw 
newspaper (omiiieiiiorated tiiin as the “ ormiiia- a Him -little inoie than a centuiy aflei his 
tot ()1 tin pi actual and iisclul ap|)lic,itioii ol death —when the gas industry which he had 
gas lights, and lotinder of the Gas Light and lounded in Britain would be the nation’s third 
Gokt C.oiiipany in London, as well as of the biggest latepayer, its seventh largest direct 
first gas rompaiiy established in Fiance employer of labour, and one of its largest 

“Rival interests,’’ the notice eontinued, employers of capital 
“tnteied into competition with Ins effoits in He would have been more than human had 
Isngland, and thus it is that, altci all the he been able to aiUicip.Ue that by that time the 
seiwiees he has leiideted to the tountiy and British gas industiy would lie puichasing in a 
the w'orld, the loundtt ol g.is lighting has h.id single year 18,334,000 tons of coal in order 
no otliet legacy to leave to his own family to produce over 340,000.000,000 cubic lect, 
than the remernbiance of his eminent private or 1,700,000,000 theims of gas to satisfy the 
virtues, and of his talents and perseverance, of needs of more than 11,000,000 consumers 
which the piasent generation and posterity The first man to light a street with gas — m 
will continue to leap the fruit.” 1807 he had part ol Pall Mall in London 

The WTiter of that paiagraph, true prophet illuminated by this means — and an invincible 
though he showed himself in his concluding advocate ol street lighting by gas, it is doubtful 
wotds, could have had little idea ol the amazing whether even he imagined a lime when there 
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would be in Britain over eight hundred thousand 
gas-lit street lamps. 

Still more doubtful is it that he could have 
pictured the day when there would be in British 
homes about eight million gas cookers and ovei 
two million five hundicd thous.ind gas fires, 
and when four thousand diffeicnt Biiiisli 
industries vvould be making the lullcst use ol 
gas for an aveiage ol seven piocesses in each 



SHAPED LIKE A GLOBE 
A unique gasholder un Cctnve) /slum/ E^si i It 
holdi tuo hunched and sixty thousand lubu led 


Beyond all question he would base bei n least 
able to anticipate that ni the iiioiiss ol g.is 
making in days to tome theie would lie 
extracted from coal, in addition to gas loi 
lighting, heating, looking and indusliial pui- 
poses, a lange ot substances bom wliult would 
be manulactured over two thousand b\- 
pioducts, and that these bv-pioducts would 
have a cash value ol ovci thiity shillings to 
every ton ol coal treated for gas. 

When in 1812, alter several years ol persistent 
endeavour, Mr Winsm obtaimd a Roval 
Charter for his Gas LigVit and Coke Comjiaiiy, 
he had still to overcome the prejudices ol a 
world alw'ays hostile to innowations Most 
scientusts, including even such an enlightened 
man as Sir Humphry Davy, inventor of the 


safety lamp for coal mines, were sceptical of 
the pioject ol gas lighting. 

“ Stinking air ” was what people called the 
gas being made in the Horseleiiy Road, and 
violent attacks weie made upon Winsor’s 
proposals loi stieet lighting on the grounds 
that the c.mying of gas in pipes beneath the 
roadway would “ poison the people ” 

A century ago gas was vciy much coal gas 
in the i.iw, almost literally “smoke” as Sir 
Ualtei Scott i ailed it, a vellowish blown gas 
lull ol d.ingeroiis impuiities which quickly 
lotted and coiioded the primitive m.iins, made 
ol wood, lead oi old gun bands, in which it was 
earned ihrougli the stieets Leaks and con- 
sequent explosions weie not uncommon, par- 
ticiilaily bcloie the mliodui non ol the governor 
to conliol piessuie at the gasholder. 

CHECKED BY SPRING 

Thegoveinoi was invented bv Samuel Clegg, 
engiiKii to the (Lis Ijight and Coke Coinpanv 
in Its cailicsi davs He was ies|)onsible also loi 
the now l.imih.ii ryhndiical g.islioldei and the 
first diet live g.is rut liM Beloie the iiitio- 
dtictioii ol tilt littn. consumeis’ gas con- 
sumplion hatl to be chi i ked liy a svstem ol 
“spsiiig, ,1 iiituliod whith did not tend to 
eiuoui.igi thi Inindhtsi icdatioiis between 
stipplit I and i onsumt i 

Stnet ilie lounti itton of the Gas Light and 
Cokt Comp.mv. loin evtnts st.iiiti out as land- 
inaiks III tin hisioiv ol tin g.is mdusttv the 
invention in Ilia') bv ILiioii von Bunsen ol tin 
bnniei uindi beats Ins n imi , the tliscov 1 1 \ .i 
vi.ii l.ilt I h\ \\ }] IVikiii of how to oht.nn 

tlye lioiji fo.il-t.n , the invention m I88h by 
Call Anti von AVtlsIi.nh of the ine.indcsi etil 
m mile , and tin mtioduciion u( the system ol 
supply by theims in 1920. 

SAVING AN INDl'STRY 

The fiisl ol these lendeted gas a fuel as well as 
an iHiinnn.mjt, the second jniinted the way to .i 
vast industry hasrd on the recoveiy ot by- 
piodiicls, the thud lesi uc'd the gas industry 
from irnpi nding ruin in competition w'lth 
deitiKity, the fourth by standardi/mg the 
C|uahty of g.is sujiphed to the public lesulted m 
an enot minis ,md progressiv'c iiirrease in its use 

Gas as an lilnmmant .alone eould never have 
attaiind to its piesciit position in the modem 
world The Bunsen burner, which uses a mix- 
ture of gas and an, giv'cs heat, not illumination 
It produces an intensely hot non-lumiiious 
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HUMAN SPIDERS AT WORK 

Looking like •^pulcrs on a colowal web, thew men arc atitialh engaged in cleaning and painting the joints 
on the "raoj" of the gailioldei at tiadmood Heath, Birmingham. 


and non-sooty flame Without its inacn- 
tion the ttas-t ookci as we know it, and whiili 
luda\ docs iiisaluabk sciwuc iii < ic;liu |)t*i 
cent ol Jhitish homes, eotild ne\tr have eoine 
into being. 

DYES FROM COAL-TAR 

The disc o\ei\ ol how to make dv< s Iroiii c oal- 
tai did not inaik the eoinmenc euieiit ol llie 
bs-picidcic t indusln, bc-caiise coke had been sold 
light itoni the stait, but it eeitainU gave it a 
new diieclion and impetus, and rriav be 
legaided as the point ol dcpaiture horn which 
the model 11 vast and liiglily s]ietiali/ed industry 
has ev'oKed. 

The Bunsen Inirner made of gas a heat- 
prodiieirig iucl, the Wclsb.ieh mantle eiiablc'd 
It to eombine the propemes of heat and biilhaiit 
light. Like so many insentions that liavc 
pioved of invaluable service to mankind, that 
ol the ineandcsccnl mantle was laigcly the 
result of a chance incident. 

Wclsbach, who was inteiestcd primaiily in 
the development of piintmg, w.as at the time 
doing scientific research woik at Heidelbcig 
University upon the cheimstty of the rare earths. 
One day as he was heating some of these eaiths 


in a glass vessel placed on an asbestos sheet, the 
conienls of the vessel accidentally boiled over, 
spilled on to the asbestos and glowed there with 
bi illiani iiuMncieseence 

1 h.it .ucidental incandescenctc in the univer- 
sily laboiatoiy revealed to VN'elsbach the 
principle of the incandescent mantle, but it 
took him scveial years ol peisistent tndeavotn 
and coneentiated rcseaich to produce a 
comnieicially useful mantle. 

Hi made fust a matille of fabric Impregnated 
with eilmim salts The light he got from this 
w as clistiiic tly greenish, so he continued patiently 
to espeiiment, adding this salt for brilliancy 
and that for strength, until in 1890 he produced 
a mantle vvhieli needed only the perfection of 
the collodictn coating process to make it 
universally acceptable. 

CARRIED IN A BIRD CAGE 

Before that process was ai lived at the first 
incandescent mantle to icach Britain had been 
desp.itched horn Vienna To ensure tlie safe 
arrival of so fragile a piece of goexfs it was 
enti listed to a lady who cairicd it all the wav 
in a bud cage. 

The Wclsbach mantle gave a light which 



THE MANUF ACTURE OF GAS 
Here is shown in diagrammatic form the tong road which gas travels on its way from (oal mine to kitchen 
stove. Brought by steamer or tram to the gasworks, the coal whtth lontains it is poured into retorts In which 
it is baked at a high temperature From the retorts comes crude gas full of impurities — so called, but in realllv 
valuable by-products. The gas the housewife uses is purified by a lengthv proces't of londensation, “ washing' 
and "scrubbing," which removes from it the coal-tar, ammonia, sulphur and benzol with whiih it was at 





from coal mine to consumer 


“"1 oonsfonm it from a thick, brown moke into a colourless gas. After purification 
oLf.f F n registers the amount and theme to the gasholder, or as it is 

whuJ^'th. F '■ f'JT'rj ss'hiih supplies are drawn for domestic and indusliial purposes. Mean- 

.L j ^ J, w.spi/ as fuel,, the tat as hose for thousands of products,, the ammoma as fertilizer^ 

the distilled benzol to diive motor cans, and the sulphur for a multitude of industrial and medicinal purposes. 
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rivalled that of electricity, and in some respects 
bettered it. But its vitally important feature 
from the gas manufacturer’s point of view, tvas 
that its brilliance depended upon the heat to 
which It was raised. 

The higher the temperature of the Bunsen 
flame on the mantle surface, the greater tlw 
incandescence ol the materials (chloiiurn oxide 
and cerium oxide) rontained in the fabric 



USING NATURAL GAS 
huge oven healed hv natival gas in use in a moloi 
car fai lory al Detroil, USA 


As a result it became no longer neerssaiv to 
strive to pioduce a gas having lieltti piojieities 
of illummatioii The only essential was he.it 
The hitheito quite separate and distinct piob- 
lems of lighting and heating were merged 
into one. 

Gas to Mr. Winsor meant light It continued 
to mean light to the general public until the 
closing years of the nineteenth centur> T o tlie 
consumer of today it means heat It is supplied 
in units ol heat As early as 1909 gas companies 
in London began to manufactui e gas to a stated 
calonfic or heating value, and in 1914 olhtial 
tests ol the heat content of gas began In 1910 
the authorization to supply gas to a calonfic 
power standard was made more general by 
Act of Parliament, and in 1920 the Gas 
Regulation Act set a defimte calorific siandaid. 


Since that date gas has been sold only on a 
basis of heat content. 

Many people were gi'catly perplexed when 
“ Mr. 'I'heim ” made his first appearance on 
the gas bill, but this metliod of measurement 
has the siipieme advantage to the customer ol 
letting him know exactly what he is paying lot. 

WHAT “ THERM ” MEANS 

A therm is one hundred thousand British 
Thermal Units and a British Thermal Unit 
(B 1 h U 1 IS that amount of heat required to 
heat one pound ol water through one degiee 
hahreiiheit By a simple mathematical cal- 
culation anyone can prove to himself that every 
thcirn of gas he buys gives him sufficient heat 
to bung to the boil aijpioximately sixty-foui 
gallons ol cold u.iti i 

That IS tej say, every therm will heat enough 
watei loi eight good-sized hot baths Oi, to 
give othei ilhislialioiis, it lan be shown that 
the housewile can reckon th.it a thei m ol g.is 
will cook lour ordin.irv diriiieis loi a family ol 
SIX, Ol that the houselioldei contemplating llie 
piiith.isr ofa gas liic oi the inst.ill.ilion ol a gas 
boiler loi ccntr.il fii.iting c.in c.dcul.ite tfiat 
eveiy therm coiisunietl in the fin waims a loom 
twelve leet by Iwthi bv ten led higli, lor eight 
hours, cir il used to heat thi boilei keeps the 
same looni w.iiiii loi twelve hoiiis 

I he g.iswoiks (xti.icts a tin rm ol gas liorn 
evdv ihiny-iwo pounds ol coal it treats Will 
the buniing ol lliiil\'-two jioiinds of co.il — 
.ihout two ordinaiv biickelsliil--do any oi these 
things’ Geit.inilv not because the co.d fin so 
deal to all tiadilionaliv mincied [xople is tin 
most heal w.istmg as well as the dullest ol all 
hc.iting .ipph.nices 

HEAT THAT GOES TO WASTE 

A co.il Inc gives to llic room in which it is 
1)111 mug a bi gg.irly fifteen pei cent ol the 
heat latinl m the eo.d it consumes and sends 
eiglity-five pei cent eddying to waste up the 
eluinney So the householder who pays Ids 
lot a ton of coal and then burns it m open fire- 
places gets about 7s bd worth of heat, and 
exjrfnds the remaining ^£2 2s 6d. on sooting 
up his chimney (which he has to pay to have 
(leanedj, defiling the countryside, destroying 
ihe labne of buildings and injuring his ow'ii 
and o'hti pcojrle’s health. 

The smoke fiom the domestic fireplace and 
factory clnmney prevents the health-giving 
ultra-violet rays from reaching the earth, drops 
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COAL ARRIVING AT THE GASWORKS 

Practicallv all the one and ihiee-quaiiei million Ions of lou! carbonized eath sear at the Becklon Works of the 
Gas Light and Coke Company is hi ought by sea /tom the collieries of Dm ham and other North Biilish coalfields 


ronosive acids upon stone and inci.il work, and 
falls upon us as soot at art average iat> ol over 
two hundred tons to the squati rnili- <\(i\ year 
It has been estimated that the annual hnaiirial 
loss in London due lo smoke is neai 1\ f 7,(MK),IM)() 
a year, and that /'2, 000, 001) a veai .iie sp< nt in 
Britain in lepairiiig buildint;s damaged b\ smoke 
and soot T\s eiuv-seven davs ol foq in leeent 
years eost motoi liuses in Britain lour bundled 
thousand p.iy-load miles, while nine foggy davs 
in one month sent the deatli i.ile horn lespiia- 
toiy diseases m a single city trom ninets-loui 
to three hundred and sixty -five Moie iieojile. 
It has been said, are killed liy soot than by 
motor caiT, And all because we burn coal in 
an unintelligent way. 

FOUR MILLION TONS OF SMOKE 
A vciy uneconomical and harmful procedure. 
Yet every yeai in Biitain forty million tons of 
coal are burned in domestic grates That is to 
say, the British householder spends annually 
;C85,000,000 lor the doubtful privilege of 
darkening the British skies with a cloud con- 
taining four million tons of smoke vs hich does 
damage estimated to cost him a further sum of 
anything from ,^40, 000,000 to 000,000 a 

M M — 


veai to set right — in so far as ii can be set right 
In other words, he expends a total sum of 
appioxiinately 1 50,000,000 every year on 
coal and gets lor it about ^15,000,000 worth 
ol heat 

THROWING MONEY AW'AY 

I'his must indeed be acrouiited a modern 
mat V el, though a very depicssiiig one The man 
who, on being presented with twenty shillings, 
lliiew' away sevi ntecn ol them and kept only 
lliiet would be accounted mad, yet evervone 
who burns coal in an open giate is guilty of 
even gieatei foolishness, for he does much worse 
than incur a simple loss of seventeen shillings 
in every |)ound He deliberately expiends those 
seventeen shillings on the purchase of eight to 
sixteen shillings’ worth of debt ' 

While all the time theie is a tempting bargain 
countei spread out in front of him, and accessible 
to everyone Let us assume that instead ol 
burning his ton of coal in the living-room fire- 
place the householder takes it to the gasviorks 
and asks them what they can make of it for 
him. The answer would probablv stagger him 
Instead of a miseiable filleen pet cent ol heat 
the gas company will give him eighty-six per 
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cent It will also give him an amazing range of 
useful substances which, translated into terms 
of cash values, makes purchase of coal for 
burning sound like a madman’s dream. 

In return for his ton of coal the gasworks 
would give the householder seventy-two therms, 
or fourteen thousand four hundred cubic feet ol' 
gas, fourteen hundredweight ol coke and breeze 



BUILDING A GASHOLDER 
When (he rooj is complete the holder will be raned 
by gas and the framework filled 


(small coke and coke dust), fifteen gallons of 
crude liquoi yielding sulphate and nitrate of 
ammonia, t(>n gallons of coal-tar, two gallons 
of crude benzol and a quantity ol retort carbon 

So that to begin with the householdei receives 
in place of his ton of smoke-producing and 
money-wasting coal enough gas to cook a dinnei 
a day loi six people for almost a year, and nearly 
three-quarters of a ton of smokeless fuel, which 
he can use in his kitchen stove, his central heat- 
ing boiler or, if he purchases a specially designed 
grate, in an open fireplace 'I'hose two items 
alone return to him his fifty shillings. 

He gets a barrel of tar, a substance almost 
worth its weight in gold, at least Irom a utility 
standpoint if not in actual cash. The products 


which are derived from coal-tar would, if set 
out in full, take up all the remaining space in 
this chapter; nearly one thousand two hundred 
dyes alone of various shades and cailours are 
manufactured from the different constituents of 
coal-tar. 

From the coal-tar in his ton of coal thirty-five 
pounds’ weight of creosote oil, so uselul for 
preserving railway sleepers, tences, gates and 
othei wooden structures fiom rotting, can be 
distilled The modern plastics trade depends 
largely upon tar, from wliii h c omc the synthetic 
or artificially produced resins 

FORTUNES POURED AWAY 

The story is told of a man who wagered he 
would go through a whole da\ without using oi 
even touching coal or any of the products ol coal 
The task seemed easy, but the man lost his wagei 
long before the day ended 'Diis will not 
surprise those who realize that, in addition to 
the substances already mentioned, coal-tai alone 
— not to mention othei bv-pioducts of coal -is 
lound m drugs, aiitiseptif s. sc'int. lubiicating 
oil, vainishes, lai(|uers, disinterl,3nts and elec- 
trodes Intidentallv eieiv road ol importance 
IS largely constriicted ol tai 

Statistically minded lolk might hnd it inteiest- 
ing to tiv to rakulate how many thousands of 
millions of pounds wen lost to Biitain in the 
eathei d.ivs ol gas inanulac tine, when the tai 
liquot evtiactfd fiom coal was considered tm 
ernbairassing nuisance which no one knew ((uile 
how to get nd of vsilhout causing extensive 
damage and annoyance 

NUISANCE TURNED TO GOLD 

The liquoi containing ammonia was con- 
sidered almost as great a nuisance What a 
difference today ' From that liquoi is recoveied 
sulphate of ammonia, used as a fertilizer bv 
every farmer and gardener , household ammonia , 
the ammonium carbonate that goes to the 
making of baking powder, ammonia foi 
refrigeration and ice-makmg, ammonium 
chloride foi galvanizing, and sulphuric and, 
one of the most widely used substances in 
modern industry 

Benzol is another by-product of coal for 
which the modern chemist has found many 
uses It IS best known as a motor fuel, possessing 
notable " anti-knock ” properties which admit 
of higher compression ratios and efficiencies than 
petrol. Many speed records have been broken 
by cars running on benzol produced at the 
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RETORTS DISCHARGING COHE 

When the (arbonizing of the coal in the retorts is completed the coke is mechanically discharged and 
"quenched" with water, nhicli takes only a few moments. The gas leaves the retorts by ojf-take pipes. 


gahwoiks Aljout one-third of Britain’s pro- 
duction of bcii/ol comes lioni the gasworks 
Ben7ol IS used .also for cleaning fabrics and 
is the most important raw material in the dye 
industry Naphtha, which is a close lelative 
of benzol, is used m paints .md vainishcs and 
as a solvent in the rubber industry Fiom ci ude 
heavy naphtha are produced synthetic resins, 
while crude solid naphthalene is made into 
moth balls and fiie-lighters 

DYES AND HIGH EXPLOSIVES 

Naphthalene is one of the aromatic series of 
hydrocai boils, of which the mam source is coal- 
tai T’he number of complex substances syn- 
thesized, or built up, from these hydrtxrarlions 
by the industrial chemist is legion; it includes 
dyes, drugs, bakehte, saccharine and high 
explosives T.N. I' (trinitrotoluene), amatol 
and picric acid — the stuff that propels shells — 
are among the last mentioned 

In the event of war the gasw'orks rank high 
in importance among munition factories They 
are, indeed, the only sources of supply for the 
making of the high explosives referred to 
above. 

In this brief summary of the innumerable 
by-products thrown off in the course of gas 
manufacture many omissions have necessarily 
had to be made, but one should not forget the 


small quantity of retort carbon or graphite 
mentioned previously as being leturned to our 
hypothetical householder as pan ol the ton of 
coal he handed over to the gasworks. 

This graphite, which collects on the inside of 
the retorts used in gas making, finds a place in 
the making of carbon electiodcs, brushes for 
clectncal machinei-y, lead pencils, graphite 
greases, oil paints and pipe jointing 
Thus even the “ dnt ” accumulated while 
gas IS made is turned to useful purpose As 
further illustration ol this point it may be 
mentioned that not only the carbon on the 
retorts but also the dust on the flues at the 
gasworks is made use of. It is one of the 
constituents m the manufacture of anti- 
corrosive paint — particularly valuable to the 
shipping industry — and liquid metal polish 

BAKING COAL FOR GAS 

Now' how exactly does the gasworks manage 
this miracle, or rather this series of miracles^ 
For an answer to that question, come m 
imagination to the Beckton Gas \Vorks, the 
largest of the Gas Light and Coke Company’s 
sixteen manufacturing stations 

The first stage in the actual manufacture of 
gas is the breaking, crushing and blending of 
the coal A breaker reduces it to 1 1-inch lumps, 
at the same time cleaning it of stones, wood and 
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other waste material. Thence it passes to the 
hammer mills, where it is crushed to one- 
eighth-inch size, and througVi the blending 
plant to storage bunkers or the coke ovens 
The coke oven plant at Beckton was installed 
in 1932 at a cost of ,{’1 ,000,000. It consists of 
sixty combination ovens, each over forty feet 
long, more than fourteen feet high and nearly 
eighteen inches \\ide, and is capable of caibon- 
izing one thousand two hundred tons of coal 



MODERN HOUSEWIVES’ HEIPS 
A gas-opciated washing machine complete with 
mangle, and an up-to-date gas cooker. 


a day. Each oven holds a charge of alxiut 
sixteen tons. 

The caibonizmg of the coal, that is. Us 
baking to distil from it the gas, takes normally 
nineteen hours The coal is shot into D-shaped 
retorts made of silica, which are heated extern- 
ally by what is called the “ i egeiici ative ” 
system. This is worked as follows — 

The retorts, each from twenty to twenty-three 
feet long and twenty-two by sixteen inches or 
twenty-four by sixteen inches wide and high, 
are arranged in “ beds ” or settings, ten i etoi ts to 
a setting, and heated externally by producer gas. 

In the furnace below the retorts air passes 
through red-hot coke that iLs oxygen may be 
converted into carbon monoxide. 'The caihon 
monoxide and the atmospheric nitrogen, already 


very hot, pass into the combustion chamber 
surrounding the retorts. In the combustion 
chamber air is added, and this completes the 
combustion of the carbon monoxide to carbon 
dioxide, a process resulting m a tremendous 
increase in heat 

By this means the coal is heated up to a 
temperature of some two thousand degrees 
Fahrenheit In the combustion chamber itself 
heats up to two thousand five bundled degrees 
Fahrenheit are developed. The heat is con- 
trolled by means of air slides and dampers. 

COKE COOLED BY WATER 

The coal is shot into the retorts by machinery, 
and at the end of the carbonizing peiiod an 
electrically operated ram ejects the glowing 
coke, which is guided into a quenching car In 
this it IS cooled by watci, after which it is dis- 
cli.argcd on to an inclined W'harf, where the 
surplus watei is allowed to evapoiatc 

The fiist ami most uiipoitaiit by-pioduct of 
gas manulactuie is .iltiadv m being Eveiy 
u-.ir the Biitish gas mdustiy pioduces soitk 
twelve million ions of coke, pan of which goes 
to the gasworks pioduteis lor use iis fuel to 
heat till o\ens, p.iit to sloiage for distiibution 
to (ustoineis ,ill ov< i tlie country 

'I he gas distilled lioni the coal during the 
couise of 1 .11 boinzalTon is led oil through huge 
cast-lion tubes, sixteen inches m diarnetei 
It is a seiv diffiient substance from the gas 
wliith vmII eventu.illv find its way through the 
doiiustic gas inctei into consumers’ hies and 
tiKikeis, filing at this stage a iich, thick, 
brown smoke, lull ol valuable “ mipuntics, ’ 
and needless to s.u sciy, very hot. 

EXHAUSTER’S IMPORTANT PART 

So 1 * passes first to the condensers, through 
which IS const.mtly flowing a slow stream of 
cooling water Clondensation of the constituents 
of the gas with high boiling points begins in 
the pipe and takes place on a large scale in the 
water, which also dissolves a quantity ol the 
ammonia m the gas 

1 he condensed constituents turn into a black, 
sticky fluid called coal-tar, a mixture consisting 
ol tar, light oils and water This fluid is run off 
into an underground well, where it settles into 
layers, the tar at the bottom, the ammonia 
liquor at the top. Over 230,000,000 gallons 
of tar and about eighty-five thousand tons 
ol sulphate oi ammonia are produced annually 
in gasworks 


MR. THERM’S AMAZING FAMILY 


301 



GAS LIT LONDON THOROUGHFARE 

Over sixty-five per cent of Bntam's ureets are In by gas These include Whitehall, Regent Street and 
Fleet Stieet The picture shows Woburn Place, continuation of Kiiigsway and Southampton Row. 


Next the i^as is passed through an exhauster, 
which IS a rotary gas pump ol blade type 
coupled to steam condensing engines and 
1 evolving at a high late At Beckton thire 
are nineteen exhausteis accommodated m lour 
houses, the hugest oi these can deal with 
eight bundled thousand cubic feet of gas an 
hour 

I'he purpose of the exhauster is to suck the 
gas out of the It tort .ind to lucre it through the 
purifying plant 1 he use of an exhauster 
increases the amount of gas produced bv about 
ten per cent, and by txtracting it from the 
ictort moic f)uickK iinpioves its quality 

WASHING AND SCRUBBING GAS 

1 he g<ts, now cooled to atiiiosjjlK'i ic ttnipeia- 
ture, IS still full ol impuiities, tlu cliiel ol which 
aie hydiogen sulphide ^siilphuictted hydiogenj, 
f ai bon disulphide, rai bon dioxide and ainmonia 
.So now, in technical language, it has to be 
‘ washed ” and “ scitibbed ” 

Washing consists ol passing the gas in ininute 
sti earns through water containing aininonia 
The hydrocyanic acid, carbon dioxide and 
hydrogen sulphide combine with the ammonia 
to form non-volatile salts and are thus largely — 
though not entiiely — It moved 

The remainder ol the ammonia is removed in 
the scrubber A scrubber is a cylindrical town 
about fifty feet high divided into compartments 
by wooden trays perforated with holes On 
each tray is a layer of coke, on which clean 
watei IS constantly sprayed from the top of the 
tower. 

As the gas passes upward through the 


scrubber the water washes out the ammonia m 
It very tlTectively, water being able to absorb 
nine hundred times its ow n volume ol ammonia 
The washing and scrubbing remove also any 
remaining ir.ices ol tar 

The nixt by-product to be removed is 
sulphui, m the form of sulphuietted hydrogen, 
that gas known to all school boys and girls by 
Its appalling smell ol rotten eggs This is done 
in the oxide purifici-s, to which the gas is led 
by wav of gas heaters 

In the purifiers the gas is passed over wooden 
trays covered with iron oxide This absorbs 
the sulphuietted hvdiogen, forming sulphide 
of iron, from which pure sulphur can be 
recovciecl 

I he jjiiiified gas is now appioaching a state 
in which It can be dispatched to consumers 
.At this st.ige It IS given its hist measurement, in 
st.ilion mctcis, the capacity of which ranges 
fioin one hundred thousand to thiee hundred 
thousand cubic li el pci hour Fiom the meters 
it yiasses to the naphth.ilenc extraction plant, 
where it receives another washing, this time with 
gas oil. 

STRIPPED OF BENZOL 

In this plant it is mixed with a certain pro- 
portion of coke oven gas. which has been 
prepared and purified in a separate plant It 
then passes on to the benzol extraction plant. 

Most gas undei takings also manufacture a 
certain amount of what is called “ water gas ” 
This IS made from coke and oil in a special 
plant and the gas has the same characteristics 
as coal gas. 



302 


MR. THERM’S AMAZING FAMILY 


Until comparatively recently gas was 
“ stripped ” of benzol by oil washing, but 
now activated carbon is used. The advantages 
of this latter process are that a light oil can be 
obtained without distillation, while organic 
sulphur compounds are also removed from the 
gas, which simplifies matters considerably. 



GASHOLDER AS AIR SIGN 
Painting the name “ Birmingham " on a gasholdei 
to guide airmen. Visible at six thousand jeet. 


The principle of the process is that when a gas 
carrying adsorbable hydiocaibon vapours is 
brought into contact with activated carbon, the 
vapours in the gas aie quickly adsorbed by the 
carbon The gas is led into the adsorbers, which 
are cylindrical tanks, and there passed up 
through active caibon in which are cooling and 
heating coils. 

At the top of the tank steam is blown in to 
expel the adsorbed compounds, which are led 
off by a pipe at the bottom through a condensci 
to a separatoi which extracts the water and 
passes the benzol into a collecting tank. The 
process is thus one of alternate adsorption and 
distillation. 

It only remains now for the gas to be partially 
dehydialed, or dried, before it is passed on to 
the gasholders. This drying is done to prevent 


condensation in gas mams, and consists, curiously 
enough, in washing the gas with a solution ol 
calcium chloride in water. 

The gas travels td London along two forty- 
eight-inch mams laid down in 1868 when the 
works weie built, and in use ever since. The 
steadily increased production nowadays has 
been met by increasing the pressure until 
nowadays the gas rushes along the mams at a 
spiced of appioxirnately thirty miles an hour. 

GAS FROM THE EARTH 

All the gas consumed in Great Britain has to 
be manulactured; in the United States and 
Canada laige quantities of n.alural gas are 
found in petroleum-bearing aicas The com- 
position ol this gas vanes considi rably according 
to the distncl m which it is found, and in some 
cases contains a considerable pioportion of 
helium Dining the World Wrii of 1914-18 
large sloiks of helium ueie picfiaied in North 
Ameiica, and were on tin point ol despiatch to 
Europe when the Armistice was signed 

Used lor lighting and healing, natural gas 
costs the consumer less and gives tisite as much 
heat as manulactured gas 

From .Soviet Russia comes news of methods 
of extracting gas from coal without icmovmg tin 
latter from the. eaiih In one c.ise the coal was 
crushed undiigiound bv filing dynamite m a 
buining seam, in another it was found possible 
to (oiueit the coal seams into gas without 
crushing 

Corridors weic driven ihiough the seam, fires 
w'eie started in the corridors and farmed by an 
pumped from the surface The fire surged 
forward, the aii-lilast became converted into a 
gas curient w hit h was driven to the surface and 
there collected 

RUN ON BOTTLED GAS 

In England several municipal authorities, 
among them being Birmingham, Accrington, 
Wallasey and Chestei field, have for some years 
successfully run heavy road vehicles, and in 
some cases buses on compressed gas earned in 
steel cylinders. 

Another kind of liottled gas, called calor gas, 
IS also being increasingly used for such purposes. 
7 his IS not ordinary coal gas compressed, but a 
liquid light hydrocarbon mixture supplied under 
pressure and gasifying when pressure is released. 
In 1936 a contract for ^50,000 worth of this 
calor gas wa.s placed at the British Industries 
Fair. 



STACKING BLOCKS OF ICE IN AN ICE-HOUSE 
The largest ice-making plant tn the world is at Grimsbv, in Lincolnshire With its four refrigerating 
machines it is capable oj producing one thousand one hundred tons of ice every lwenty~Jour hours 


THE ARCTIC IN A CUPBOARD 


M ULirnDFS of people would find it 
difficult to obtain sufficient food were 
It not lot the invents e ttenius of the 
rt li igcralinf; engineei. Througli his tiiuniph in 
the pioduction ol cold by machinery, millions 
of tons of meat, poultry, provisions, fish, fruit, 
and vegetables aic lirought evety year lioin 
distant parts of the woild in a perfectly sound 
condition. 

The success of the refrigerating specialist in 
controlling temperature, and his ability to cool 
all kinds of materials efficiently and quickly, 
have made him invaluable to a host of 
industries He began with things to eat, but 
expeiiments quickly widened the broad horizon 
of his ambition. 

His machines today are to be found in 
operation in the great iron and steel works. 
By the side of the big blast furnace, with its 


white and blinding heat, we now find powerful 
refrigerating machines whose object is to take 
most of the moisture out of the blast befoie it 
enters the lurnace by tooling the air until the 
moisture contained in it is deposited as snow 
T he use of these machines has meant the saving 
of about fifteen per cent in the consumption of 
coke, and has inci eased the production of iron 
ten per cent in proportion to the amount of 
coke burnt. 

Poweilui refrigerators are also necessary in 
mineral oil refineries. Out of the oil they 
freeze the valuable solid paraffin that is largely 
used in industry This process is so important 
that the development of the mineral oil industry 
dates from the time when a refrigerating machine 
was first used in the refining process. In tea 
factories, sugar refineries, india-i ubber works, 
and in the manufacture of photographic 
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materials, refrigeration is brought into use, 
while the manufacture of dynamite has been 
made safer by this wonderful agency. 

Until fairly recently, too, the chocolate 
manufacturer had to suspend the making of his 
commodity in warm weather Now that 
mechanically produced cold is available on a 
large scale, he can turn out his chocolates all 
the year round. 

The fur trade resorts to refrigeration for the 
preservation of imported skins, and attached 
to the laboratories in the leading industiies 
and technical institutions there is invariably 
equipment for observing the effect of low 
temperatures on lubricating oils and such-hke 
important matters. In fact, it is difficult to 
name an industry today that has not benefited 
by the development of mechanical refngci ation 
which, by cooling the atmospheie oi the 
materials, or both, enables work to piocted 
throughout the year. 

FREEZING THE GROUND SOLID 

Even in gieai constructive engincciing works, 
such as the driving of tunnels and the sinking of 
shafts, the refrigerating machine has given man 
new power in his struggle against adverse 
natural conditions When a water-bearing 
stratum is encountered in a mine, through which 
it would be impossible to sink a shaft or a tunnel 
in the ordinarv way, pipes ai c insci ted and ciMiled 
rclngeraling brine is circulaie-d through them 


until the ground is frozen solid. A water-tight 
shaft OI tunnel can then be sunk through the 
frozen earth. 

In the construction of the Grand Coulee Dam 
on the Columbia River in America, serious 
damage to the foundations were suddenly 
threatened by a landslide. The engineers over- 
came the difficulty by driving shafts into the 
mass and freezing it solid Engineers declare 
that It would have taken two hundred years for 
the gieat mass of concrete w'hich forms the 
gieatBouldei Dam to have cooled in the ordinary 
way, so they cooled it artificially by means of 
refrigeration. 

USED ON BOARD SHIP 

This artificial cold which ensures us fresh 
meat, fish, poultry, butter, eggs, fruit and 
v'cgetables, and is so invaluable to many 
industries, is produced by special machinery 
thiough the medium of an easily liquefiable 
gas Diffiient systems employ diffcrcnl gases, 
or refrigerants as they are termed The two 
most < ommonly employed are carbon dioxide and 
anhydrous ammonia Other lelngerants which 
aie also used include methyl chloride, freon, 
and sulphur dioxide 

The carbon dioxide method is principally 
employed on board ship The machine is 
sin.iliei ih.ui tb.it required (oi the ammonia 
piociss, while, not least important, caibon 
dioxide is non-poisonous, and non-con osivc, 



. , MODERN REFRIGERATOR CAR 

An m/mor view of a refrigerator railway car. The refrigerating mechanism automatically adjusts itselj 
to the requirements of the outside temperature. It is used in the transportation oj fish at^ fruit. 
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BUILDING COLOSSAL SKATING RINK 

Lavini! refiigeiahni; tube\ in the course of the consliiiclioii of on enonnous wmtet sports' giouiid 

III the Fitednehshain disliict of Berlin. The cooling tubes aie moie than ierenli-rtt-o thousand feet long 


and should Icakaj^e occur has no deleterious 
action on the caigo of foodstuffs Ammonia is 
the lefngeram most widely employed on land, 
the machines using u opeiating on what is 
known as the vapoui-compiessioii system. 

FOUR MAIN COMPONENTS 

A modern refiigerating plant consists essenti- 
ally ol four mam components compiessoi, 
condenser, rcguLuoi, and cvapoiator. These 
parts are inter-connected liy piping to lorm a 
closed system containing the woi king substance, 
or lefngerant. 

1 he compressor is simply a gas pump of 
special chaiactcr and construction, according 
to the natuie of the refrigerant to be used, of a 
type to suit various conditions of working, and 
ol a size according to the duty to be performed 
The condenser, w'hich receives the gas delivered 
iiom the compressor, by removing heat from 
the gas condenses it to a liquid. This com- 
ponent consists of pipe coils through w'hich the 


gas from the compressoi passes, and is cooled 
during Its passage by the circulation ol water 
over the coils 

The gas enteis the condenser Irorn the 
compiessoi at a iairlv high teiniieratuie, and 
is tooled lo the temperature ol condensation 
The heat given out in the pi ocess of condensation 
IS absoibed and leinoved b\ the circulating 
watei, and the liquefied gas is cixiled to ,i lew 
degiees above the temperature of the ctxihng 
water Ftom the condenser the gas passes to 
the regulatoi, which is an adpistable needle 
valve conti oiling the rate of flow ol the liquefied 
refrigeiant and allowing it lo pass into the 
evaporator. 

FROM LIQUID TO GAS 

This last component, in which the liquefied 
refrigerant evaporates and again becomes a gas, 
usually takes one ol two loims, eithei direct 
expansion pipe grids on the root and walls ot 
the insulated spaces to be cooled, or more 
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usually, in the case of marine installations and 
many on land also, coils of pipe in a tank contain- 
ing a non-freezing solution of calcium chloride 
called brine. This brine, alter being cooled in 
the evaporator, is circulated through whatever 
cooling appliances are employed 

In either case the liquefied refrigerant 
evaporates under the reduced pressure caused 
by the compressoi suction, and in evaporating 
absorbs heat from the medium, whether air or 
brine, surrounding the pipes in w hich evapora- 
tion takes place From the evaporator the 
gas passes again to the compressoi It is to be 
noted that the cycle ol operation which involves 
a change ol state from gas to liquid and back 
again to gas, is accompanied by the liberation 
and absoiption ol a quantity of heat many 
times greatei than that due to the mere change 
ol temperature ol the refrigerant 7'his is known 
as latent heat Fuithermoie, as the circuit is 
closed the same gas goes through the cycle of 
operation repeatedly. 

MEAT FROM THE ANTIPODES 
There aie now some two hundred vessels 
specially fitted out to bring frozen mutton and 
beef hoin the Antipodes and chilled tieel from 
South America to (heat Biitain, the annual 
value of the frozen and chilled foodstuffs 
imported into the United Kingdom being 
valued at over ;{'200,000,0D() 

On these vessels the aiiificiaflv produced cold 
has often to be conveyed a distance of one 
hundred and fifty feet to two hundred feet and 
mote from the engine-room where it is nuade to 
the spot where it vs needed Phis means the 
employment of powerful pumps, an elaborate 
system of piping, and numerous devices Ibi 
ensunng efficiencv and complete control over 
evei’y jiart of the apparatus 

'ITiroughout the voyage, lasting from five to 
SIX weeks, across the tropics and covering a 
distance of eleven thousand to twelve thousand 
miles, the insulated holds where the carcasses 
are stored are maintained at a teinpeiature of 
eighteen to twenty degrees F’ahrenheit, or 
twelve to fourteen degrees below freezing point. 
A breakdown in the machinery would mean 
the total loss of over three thousand tons ol 
meat, as has happened oo occasion, although 
not frequently. 

Arriving in the Thames, the frozen carcasses 
are unloaded into insulated lighters and con- 
veyed to the various cold-storage depots The 
c^p'acity of London’s cold-storage depots is over 


three million carcasses of sheep alone. By far 
the most interesting of these is Nelson’s Wharf, 
at Lambeth. There is no other building in 
London like it. h is six storeys high, yet it 
cannot boast of a single window or door on any 
side. Instead of entering it from the ground 
flooi in the usual fashion, you approach it 
(rom the roof and proceed downstaiis instead 
of up. The leason for this topsy-turvy arrange- 
ment IS to prevent the cold air from escaping 
and the warm external air from entering the 
bmldmg 

The meat is carried up to the roof, or 
distributing floor, from the lighters m the river 
by an endless chain, each chain being capable 
of dealing with twelve thousand bundles an 
hour. Narrow stairs, closely barred on each 
floor by heavy insulated doors, give descent to 
the intenoi of this stiange building The 
sharp, cold air gives one a peculiar sensation 
Everything is covered with a gleaming white 
mantle In some comers the floor is thickly 
covered with snow All around aie gieat bays 
filled with frozen sheep They aie trozen as 
hard as a piece oi hoai d 'I'he men who work 
in the rhambers weai special clothing to 
protect their cars and hands liorn the intense 
<old 

The hshing industry, which still requires 
enormous tjuantiiies of ice lor the trawlers 
operating on distant hshing grounds off the 
coast ol Iceland and in the White Sea area, 
depends on refi igeration for its supplies ol ite 
m which the catch is packed lor the retuin 
voyage. There aie scveial ice-inaking plants 
today capable ol producing two bundled to 
five hundrerl tons oi ire a day This artiiici.il 
ice IS much purei than natural ice, because it 
IS usually made Irom a town’s dunking water 
supply 

LARGEST ICE-MAKING PLANT 

The largest ice-rnaking plant in the world 
IS that at (irirnsby, in Lincolnshire, capable of 
producing one thousand one hundred tons ol 
ice eveiy twenty-loui hours. There are four 
ammonia compression refngerating machines, 
each driven by an electric motor of 600 h p., 
and six ice-making tanks through which a rapid 
circulation of brine is maintained. Immersed 
in this bnne aie nearly ten thousand rectangular 
cans containing the water which is to be frozen. 
The cans in some of the tanks are of 2 cwt., and 
in others of cwt capacity 

As the tiawlers require the ice to be delivered 
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-4 • f HOW A refrigerating PLANT WORKS 

operator . ’riwsT^p^ts^re ^conneciid ‘h components: compressor, condenser, regulator and 

inese parts are connected by pipes to form a dosed system containing the refrigerant. 
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but different fruits demand different conditions. 
Whereas meat being a dead substance can be 
frozen, enabling it to be kept almost indefinitely, 
fruit IS a living or^nism which must be kept 
alive because decay begins when death takes 
place. Fruit can be ruined by too high a 
temperature, too low a temperature, and by 
suffocation, for fruit, like all living things, must 
bieathe It can, however, be kept alive lor 
weeks and even months under conditions where 
it would otherwise perish by maintaining the 
chamber where it is stored at the requisite 
temperature and, more important still, main- 
taining a proper circulation ol air by means ol 
power-driven Ians. This has the effect ol 
delaving the ripening, or giowth, of the fruit, 
thus prolonging the term of its natural life. 

WREATHS FROM THE DOMINIONS 

Wreaths for the grave of the Unknown 
Warrior in Westminster Abbey have been sent 
born Australia and New Zealand, and w'hen 
thawed out on ariival were as iresh as when 
they were picked. 



HARVESTING A CROP OF ICE 

Cutting and shumng ice on the St. Croix River, dividing stream between the States oj Minnesota and 
iTisconsin, U.S.A. The ice will be transported to cities and there used for refrigeration. 


on board crushed into small fragments, icfr- 
crushing machines are provided Some of 
these arc at a consideiable distance from the 
factory, and the heavy blocks of ice travel to 
them along an overhead sloping runway down 
which they slide at a velocity which reaches 
about forty miles an hour towards the end of the 
run. The blocks are white and almost opaque, 
because costly agitating gear must be provided 
il clear ice is required Hull has also a large 
ice-making plant with an output of between 
seven hundred and eight hundred tons of ice 
a day It is principally used by the trawlers. 

ALLOWING FRUIT TO BREATHE 

In recent years much attention has been given 
to the question of the preservation of all kinds of 
fruit by the application of refrigeration Indeed, 
vast quantities of fresh fruit from overseas now 
find their way to shops and stores at which 
they were unobtainable by the general public 
a decade or so ago 

Fruit not only calls for special treatment 
when It comes to pieservirig it by cold storage. 



BROAD ACRES BECOME AN INLAND SEA 

The Fens, a low-lving region oj England, ha\ an area of about seven bundled and fifty thousand acres. Some 
of them are below the waters in this picture, taken during the floods of 1938. 


FIGHTING THE FLOOD FIEND 


O NE of man’s gicat problems is how to 
rontrol the flood hend Man has evei 
been at war with the rising waters In 
his cfloits to subjugate them he has built d'ykes 
and t mbankments, erected w'eiis and sluices, 
lined the banks ol sii earns with levees and other 
baniers all with a view to conti oiling flood 
waters. 

Evciy year enormous damage is caused by 
floods In a year ol exceptionally heavy rams 
the Meteorological Office often finds it necessary 
to report anything from four or five to as many 
as a do/.en serious inundations in various parts ol 
Great Britain. 

While we may regard the flocxls that occasion- 
ally ravage the countryside of the United 
Kingdom as serious, they cannot be compared 
m volume and the damage they inflict to the 
great inundations so frequently experienced in 
other parts of the world. Hardly a year goes by 
without large portions of the earth’s surface 
suffering in this respect. It is scarcely possible 


to name a country which has not at some time 
or other suffered from floods Nor can any 
country possessing rivers and streams regard 
Itself as entirely immune Irom the possibility of 
such disasters 

Floods may be attributed to many causes 
Sudden and heavy ram storms are the most 
frequent of these The nwr-bed is not wide 
enough or deep enough to cope with the sudden 
inrush of water fiom tributaries and other 
sources, and as a result the countryside is flooded 
The floods of the Mississippi, Hwang-ho 
(Yellow River), Ganges, Rhine and Nile are 
usually attiibuted to heavy rains or abnormal 
falls of snow 

Strong winds and gales blowing m a certain 
direction at a particular time are another cause. 
It IS high tide and the riv'er is running very full. 
At Its mouth strong wands suddenly arise piling 
up the water and forcing it back into the estuary 
of the river, creating in some cases a sufficient 
volume of water to burst the river banks and 
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flood the country. That has happened over and 
over again in the case of the River Thames 
and with other nvers in Great Britain and 
elsewhere 

The terrible floods which have from time to 
time swept the Mississippi Valley have not been 
always due to sudden heavy ram storms. 
Ebeperts foretold some of these inundations six 
months and more befoi e they actually occurred 
They weie aware that the vast layer of “ sponge- 
soil,” covering millions of acres of the Mississippi 
Valiev to a depth of fiom three to twenty feet, 
had already stored up water to saturation point 
Consequently when the spring rains came, 
slighdy heavier than normal, the soil could not 
drain off this vast quantity of excess viater, 
and large areas of the countryside were 
accordingly inundated. 

Among other causes of floods may be 
mentioned cloudbuists, the breaking of dams 
and sudden unpredictable inundations of the 
sea. Cloudbursts caused great floods at Con- 
stantinople in 1913, and at Wei ton, Arizona, 
in 1913, the terrible Johnstown (Pennsylvania) 



THANKFUL FOR A LITTLE FOOD 
In China the nuntbei of people affected by floods 
In 1931 approached twenty-five million. 


flood of 1889 was caused by the breaking of a 
dam on the Conemaugh River, an inundation 
of the sea killed two hundred thousand people 
in Bengal in 1876- 

Though man has been fighting floods ever 
since the dawn of civilization he has not got 
anywhere near conquering them. The damage 
these catastrophes are capable of inflicting is 
almost beyond belief. It must not be imagined 
that the defence man has put up against the 
flood fiend has lieen a puny one In this 
struggle for the pieservatiori of life and propertv 
against the rising w'aters man has thrown into 
the battle all his available resources in the way 
of scientific knowledge and engineering skill 
These wars with the flood fiend have often been 
long and arduous, calling foi untold patience, 
much daring and no little heroism. 

MEASURES TO PREVENT F1.00DS 

The measures it is possible to take to prevent 
or reduce the likelihood ol flooding from rivers 
may be summed up briefly under five mam 
headings 

First The reduction of the volume of the 
flood-water by the provision of detention 
reservoirs on the headwateis of tiibutarv 
stie.ains These icseivoirs make it possible lot 
part of the flood-wattrs to lie held back until 
the crisis is passed Examples aic the Bouldei 
Dam on the Coloi ado and the series of dams in 
the Miami Valiev 

Second Increasing the capacity of the rivet 
channel by deepening, widening and straighten- 
ing it Riveis that pursue a tortuous course an 
often straightened bv the cutting of channels 
across the necks ol bends In the case ol a river 
which flows thiough a city and in doing so is 
forced to confine itself to a narrow channel, it 
may be found advisable to construct a wade 
by-pass channel on the outskirts of the city and 
to deflect the main waters ol the river through 
this. 

PROTECTING THE YELLOW RIVER 

Third The building of embankments and 
levees along the lowland course of the river 
This IS the commonest methexi of protection 
against floods and it is probably the oldest 
the Chinese have been using it for four thousand 
years on the banks of the Hwang-ho. The 
great objection to levee-construction is that it 
leads to the deposition of silt in the river- 
bed, and unless adequate dredging operations 
are carried out the nver-bed rises steadily) 
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INUNDATED BY THE BURSTING OF THE DYKES 
Fields in Holland under water as a result oj the bursttng of the dvkes. Before the Dutch learned methods 
of flood-Lontrol hundreds of villages were submerged and scores of thousands of people drowned. 


necessitatinf' the continuous raising of the 
levees The Ijottom of the Hwang-ho is in 
many places lorty feet above the level ol the 
sunounding country 

Fourth: The constiuction of “ floodways ” 
through which surplus watei can he diverted 
and allowed to flood a confined area of the 
countiy, which is deliber.Uelv sacrificed m 
oidci that the remainder may be saved liom 
inundation 

Filth Incieasmg the water-holding povser 
ol the soil and reducing soil erosion by the 
planting of forests and the scientific cultivation 
of the soil In many parts ol the Mississippi 
Basin and in Clhma the reckless desnuclion ol 
forests combined with unscientific ploughing 
methods have enabled the tains to wash the 
soil into the rivers This destroys the water- 
holding powei and the fertility of the land, and 
at the same time causes silting-up ol the river 
channel The simplest way ol preventing soil 
erosion on hill-sidcs is by cultivating the soil in 
terraces. 

NINETY IVm-ES OF FLOOD CHANNELS 

One of the most lemarkable evamples of 
anti-flocxl planning is the by-pass system on the 
Sacramento River This river has a drainage 
area of twenty-seven thousand one hundred 
square miles and, uncontrolled, is capable ol 
flooding one million acres. The plan for its 
control was prepared by the California Debris 
Commission and adopted in 1911. 

It provided for the discharge of the excess 
river-water, in the season of floods, over four 


weirs into by-pass channels, wherein it would 
be conveyed to a junction with the river about 
fifteen miles from the sea The by-passes were 
to be formed by the election of levees on either 
side of stiips ol land within the low basins, 
varying in width from one thousand to one 
thousand four hundred feet . they were to have 
a total length ol ninety miles, and their combined 
capacity was to be three to five times that of 
the river channel 

The river itself was to be constantly dredged 
and leveed, and its last section was to be very 
considerably widened and deeiK-ned The whole 
of this ablv planned and important project was 
completed in twelve years 

HOLLAND’S FIGHT AGAINST THE SEA 

The historic Zuider Zee, that arm of the 
North Sea which cuts deep into Flolland and 
which Dutch engineers aie now reclaiming 
(asdetailed elsewhere in this volume; w'as formed 
as a consequence ol the bursting of the dykes 
by the angry sea This happened in the thir- 
teenth century, and it resulted in the separation 
of Fi Iceland fiom North Holland by a tuibulent 
sheet of water. Villages and hamlets were 
submerged and some eighty thousand persons 
drowned. In 1421 there was another ternble 
inundation in which seventy-five villages were 
swept away, with a loss of nearly one hundred 
thousand lives. 

More terrible still was the disaster of 1570, 
syhen at one time it looked as if the greater 
part of the country would be blotted out of 
existence by the angry sea. A continued and 
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violent gale from the north-west had long been 
sweeping the Atlantic waters into the North 
Sea, and had piled them upon die fragile coasts 
of the provinces. The dykes, taxed beyond 
their strength, burst in every direction. The 
cjtics of Dutch Flandeis to a considerable 
distance inland were suddenly invaded by 
the waters of the ocean. 

SHIPS SWEPT INTO ORCHARDS 

Dort, Rotterdam, and many other cities were 
for a time almost submerged. Along the coast, 
fishing vessels, and even ships of larger size, 
were floated up into the country, viheic they 
entangled themselves in groves and orchards, 
or smashed to pieces the roofs and walls of 
houses The desti uction of hie and property was 
enormous throughout the maritime provinces, 
but in Friesland the desolation was complete 
There nearly all the dykes and sluices were 
dashed to fi agments , the c ountry was converted 
into an angiy sea Everywheic, upon the tops 
ol trees, upon the stceplt's ot the churches, 
human beings chisteied, shouting and pravmg 
for help All told, ov'er one hundred thousand 
persons perished 

Between 1570 and 1848 theie were no fewer 
than sixtv-ihtee of these disasters, despite all 
the effoits of the engineer to avert such 



IRON MONUMENT THAT COMMEMORATES GERMAN FLOODS 
Duiseldorf has suffered severely in the past by the flooding of the Rhine. This monument there h made of 
iron and represents a tamed snake, symbolizing the flood mastered by human intelligence. 


tragedies. In spite of improved methods of 
dyke construction inundations have persisted. 

The greatest recorded flood catastrophe in 
the present century was the inundation of 
the lower Yangtze Valley in the summer of 
1931, as a result of the nsing of the Yangtze or 
Blue River. The latter is not only the most 
important nver in China, but one ol the 
world’s greatest waterways. 

It has a total length of three thousand 
miles, of which one thousand eight hundred 
miles are navigable It drains over six hundred 
and fifty thousand square miles of territoiy, or 
nearly a thud of the area of China ptoper At 
one point in its course it flows through a series 
of great gorges — mile alter mile of varicoloured 
cliffs two thousand to four thousand feet high, 
some purple, some the grey of the bare rock, 
some bright green with tiees and scrub, but all 
impressive and awe-inspii mg. 

COMBATING THE YANGTZE PERIL 

The Yangtze, like many other rivers in 
China, IS sub|cct to floods V’et since the daw n 
of Chinese history there have been attempts to 
combat this evil The great YU, founciei of 
the Hsia Dvn.isty, who began to reign about 
2205 B c , put in hand a system ol flood 
control. His plan w’as the deepening of the 
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FFEDING THE HUNGRY IN SORELY AFFLICTED CHINA 
Ncglcd of rncr coitseivaiKV leads to floods and o/lcn 10 cholera and the faihiie of ctops In 1931 the 
'iati^ize lose over fljty feet above its normal level and inundated thousands oj squaie nitlei. 


river channels and the buildmR of dykes The 
latter method has been follov\cd ni;ht up to 
the present tune, but the fortuei sadly neglected 
As a result in many of the iivers ol North China, 
including the Hsvang Ho, or Yellow Riser, the 
beds have been raised through the deposition 
of sill, which in turn has necessitated a lurthcr 
laismg ol the dykes. 

FORMING HUGE LAKES 

Thus m the course of time the beds of the 
rivers have come to he actually alrove the level 
of the low'lands thiough which they pass The 
result, when theie is an abnormal quantity ol 
water, is a widespread inundation of the adjacent 
country with water that cannot find its way 
back into the river channels, except at points 
considerably further down their course. Some- 
times the flood water never regains the river 
channel, but remains to form huge lakes which 
slowly dry up or else finds its way across country 
to the sea. 

In the floods of 1931 the Yangtze rose over 
fifty feel above its normal level, broke through 
scores of miles of dykes, flooding to a consider- 
able depth thousands of square miles of thickly 


populated country At the time of the disaster 
the Chinese Goveininent ordered an .lerial 
survey of the region to be made as the only 
means ol learning the extent of the disaster 
In this work Colonel C. A Lindbergh, the 
celebrated American airman, rendered valuable 
assistance 

The country being for the most part flat, the 
water poured over the land like a raging torient, 
fifteen and twenty feet high in places, destroying 
viitually everything in its track — houses, live- 
stock, crops and implements Hundreds ol 
towns .and villages were completely destioyed 

MILLIONS OF HOMELESS REFUGEES 

The number of people affected approached 
twenty-five million, a figure equal to the entire 
agricultural population ol the United States 
The number of persons drowned will nevei be 
known, but it is estimated at about one hundred 
and fifty thousand. As no crops could be 
gathered that year from the flooded area, 
extensive relief measures were necessary to 
succour the millions of homeless and starving 
refugees. 

The flood was due to an unusually large 
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number of cyclones which passed over the lower 
Yangtze Valley when the river was very high. 
In the four weeks prior to the disaster the rainfall 
in the valley totalled over twenty-four inches, 
more than half the mean annual precipitation 
for this region. 

CREATING FLOODS TO CHECK FOES 
The Hwang Ho oi Yellow Rivei is another 
culprit “ When the peach tree blooms there is 
danger in the Yellow River,” is an old Chinese 
proverb Another is that “ Ever> eighty yeais 
the Yellow River is in flood, and every one 
hundred and eighty years its course is changed ” 
The former saying is based on the iionic fact 
that when the lovely blossom makes its appear- 
ance the snows aie melting in mystciious Tibet, 
where both the Blue and the Yellow Rivers have 
their source The latter maxim may not be 
strictly coriect, but it has a considerable 
substratum of truth It is recorded that the 
Hw^ang Ho has changed its course and made 
new mouths for itsell on different parts of the 
coast no fewer th.in nine times in some two 
thousand five hundred veats Decades beloie 
Japanese military operations were upset by the 
appalling floods of 1938, the desperate tesort ol 


cutting dykes had been tried by desperate 
generals. Hundreds of thousands of helpless 
folk paid the price. They were swept away 
without mercy in the swirling waters 

Inundations, often ol a serious nature, occur 
in countries that one docs not usually think of 
as being liable to expevience such catastrophes. 
In (October, 1937, over lour thousand square 
miles of territory in the Anti-Lebanon region ol 
Southern Syria, m the vicinity of Damascus, 
were devastated by terrible floods. Whole 
villages were swept away, fifty thous.ind people 
were rendered homeless, and ovei two thousand 
jjcnshed. 

BODIES CARRIED TWENTY MILES 

The disastei was due to unusually heavy 
autumn rains which came on with such diamatic 
suddeiine.ss that there was no time to strengthen 
the defences and remove the people Irom then 
homes The inundation was like a senes of 
tidal waves It completely oveiwhelmed thiitv 
villages, sweeping some of them completely 
awav 

What happened to the village of Adinieh is 
typical ol the e\]5eiience which befell do/ens 
of other hamlets Adimch lay m a little valley 



NOT A BRIDGE BUT BARGES LOADED WITH CONCRETE MATS 
Barges loaded with articulated concrete mats Jor strengthening the banks of the Mississippi against flood 
waters. Since 1874 there have been at least twenty ma/or floods in the Mississippi Valley. 
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WHERE A VILLAGE ONCE STOOD 

The uene of desolation after the main flood wimh had devastated Jour thousand miles of country to the 
iwith-west oj Damascus had passed. Only a few houses escaped being complelelv obliterated. 


I'hict* torrents sweeping from different direc- 
tions met, one ol them a mile and a quartci 
wide and in some plates ovei thirty leet deep 
Houses, human beings, and animals were 
carried away m the twinkling of an eye So 
powerful was the current that bodies of men and 
animals and even large locks were found 
eighteen and twenty miles distant liom where 
they were carried oB'. 

SUDDEN AND UNEXPECTED DISASTER 
I'he unexpectedness and hoiioi ol the flood 
are typified by the story of a man of a ccitain 
village He spent the day prior to the disaster 
with a Iriend in his own village twelve miles 
distant, returning home at nightfall Next 
morning he saw his friend’s body floating down 
the flood-stream m the valley below his home 
The adult population of another hamlet, 
totalling twenty-eight, had gone as a delegation 
to Damascus when their homes w'ere swept 
away by the floods and thirty-five of their 
women and children drowned The road from 
Damascus to Aleppo was completely submerged 


and the surrounding landscape so altered that 
some ten miles of new toad had to be laid down 
over an cntiiely new course 

Great Biitain is not fiec liom the terror of 
the flood fiend Certain loiv-lvmg districts m 
the West Couiitrv', particularly m Somerset, are 
liable to inundation after exceptionally heavy 
rams Heavy rains, too, are often responsible 
for the overflow of many rivers The Thames 
IS no exception and it has burst its banks, 
inundating the countryside, on many occasions 
Vet there are lew riveis which have been mote 
subject to control by engineei s than the Thames. 

KEEPING THE THAMES IN CHECK 
This IS the work of the Thames Conservancy, 
w'hich endeavours to keep the riser in check by 
means of locks and weirs The Thames has a 
length ol two hundred and ten miles and drains 
an area of six thousand one hundred square 
miles. Its flow is controlled by forty-nine locks, 
forty-four main weirs, forty-three subsidiary 
weirs and fifty-one overfalls The locks are 
spread over a distance of one hundred and 
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twenty-four miles and differ considerably in 
size. Although they cannot compare in magni- 
tude with the huge works built in other parts 
of the world, the newer Thames structures arc 
fine examples of modern engineering. 

As recently as March, 1937, the river rose 
several feet above its customary normal height, 
inundating a large area of Berkshire and parts 
of adjoining counties Towns, villages, farms 
and buildings were cut off from the rest of the 
country In some districts the waters rose from 
four to sev'en and eight feet above the ground- 
floor level of the houses People were forced to 
reside in the upper floors of their homes and 
provisions and other necessities were delivered 
to them by boat 

HEART OF LONDON INVADED 

In the January of 1928 the very heart oi 
London itself had a taste of the horrors of a 
Thames flood It was brought about by 
phenomenal conditions An unusually high 
tide in the Thames estuary was driven by gales 
from the North Sea and the Channel up the 
mouth of the river Heavy rains in the Thames 
Valley had already raised the river almost to 


flood level, and with this mass of sea water 
backed up in the mouth and estuary the river, 
unable to release itself in the sea, broke over its 
banks, flooding low-lying districts in Hammer- 
smith, Westminster and Southwark, causing 
fourteen deaths. 

QUEEN VICTORIA AIDS VICTIMS 

One of the w'orst of Thames floods was that 
which occurred in 1894, when nearly every 
house along its banks fi om Gravesend to Oxford 
felt the destructive strength of its mighty body 
In scores of towns tradesmen had to deliver 
their goods in boats To enable people to 
reach then homes improvised staging ran down 
the centre of the flooded streets from whieh 
individual houses could be reached by planks 
Train services in the flooded areas w'cie brought 
to a standstill and the boys at Eton had to be 
given a holiday as the college grounds weic 
under water. 

The distress at Eton was considerable 
Queen V'lctoria was then in i esidence at Windsor 
and visited nearly every flooded part in the 
neighbourhood, carrying succour to the poor 
The palace cooks made soup for the hungry 



FLOOD PREVENTION ON THE RIVER AVON 
The bed of the river is being dredged with a mechanical scoop operated bv traction engines. The mud thus 
removed is valuable manure, and is c^terwards spread over neighbouring fields. 
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CLAY AS A BULWARK AGAINST GATHERING WATERS 
Slienglhciting a weak spot m the defences of the Fens. Re-covering a bank with day, an operation which is 
done entirely bv man-power with the exception of tiansporling the malirial. 


At F^ast Molcsey the tiver rose above the lock 
gates, and the load to the station was filled with 
boats and men with bale legs Children had 
to tide on the rools of the vans, fowls were to 
be seen in the hving-iooms of the houses, and 
in one case, as was written at the time, “ two 
ptgs weiL included in the family circle,” 

PROBLEMS OF THE FENS 

There is one district in England where the 
ilood fiend has ever been a menace — the Fens 
This low-lying region extends inland around 
the Wash into the six counties of Northampton, 
Huntingdon, Cambridge, Lincoln, Norfolk 
and SufTolk and has an area of about seven 
hundred and fifty thousand acres Not many 
centuries ago this vast tract was entiiely 
abandoned to the waters, iorming an immense 
estuary of the Wash, into which the Rivers 
Witham, Welland, Glen, Nenc and Great Ouse 
discharged the rainfall of the central counties. 

It was a sea in winter and a noxious swamp 
in summer, the waters expanding in many 
places into settled seas, or meres, swarming 
with fish and screaming with wild fowl. The 


more elevated parts were overgrown w ith tall 
reeds, which appeared at a distance like fields 
ol waving corn, .and ihev' were haunted by 
immense flocks of stai lings, which, when 
disturbed, would rise in such nuinlsers as almost 
to darken the skv 

Into this gre<it dismal swamp the floods 
descending from the interior were earned, their 
w'atcrs mingling and winding liy many devious 
channels before they reached the sea They 
W'ere laden with silt, which became deposited 
in the basin of the Fens Thus the rivci-beds 
were from time to time choked up and the 
intercepted waleis forced new channels through 
the ooze, wandering acioss the level, and often 
wandmg back upon them.selves, until at length 
the surplus waters, through many openings, 
drained away into the Wash 

FLOODED NEARLY EVERY YEAR 

As a result of the labour of successive genera- 
tions of engineers this vast tract has been 
reclaimed and drained and is today one of the 
richest and most fertile regions in Britain 
Alas, however, the Fenmen have one dreaded 
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enemy — floods In the spring, tvhen the rivers 
are running high as the lesult ol heavy rains, 
the Fcnmcn have an anxious time Despite the 
millions of pounds which have been expended 
upon protective works, floods are continually 
occurring. Hardly a season goes by without 
some portion of the region being flooded with 
disastrous results to crops and property 

In 193b many thousands of acres of rich land 
in Cambridgeshire ivere inundated through the 
river bursting its banks Whole villages were 
partially submerged and several bundled head 
of cattle drowned In the following spring only 
Herculean efforts on the part of the engineers, 
backed by the heroism of the Fcnrnen, saved 
the country from a repetition ol the previous 
year’s disaster 

HEROIC FIGHT AGAINST DISASTER 

At a point in the river bank, near Dcnvei 
Sluice, the rising water had made a bieach and 
to many the position looked hopeless \'olun- 
teers were called for and hundieds tameforwaid 
They toiled right through a wliole day and 
night, rushing eight thousand protective clav 
bags into the breach All the time the weathei 
wa.s atrocious, with howling wind and driving 
rain, and it was a ding-dong battle against the 
rising water It was only after a thirty hours' 
struggle, when human natuic could endure the 
strain no longer, that the w'aters began to recede 
and the engineei-s and their men had won 

The protective works designed to prevent 
floods in the Fens aic natuially varied, dictated 
by special conditions and circumstances Scenes 
of miles of canals and channels have been dug 
to carry ofl surplus water The rivers have 
been widened and di edged Their tianks hav'e 
been strengthened bv miles of dykes and the 
flow ol the stream controlled by weirs and 
sluices (ireat stone ti anting walls have been 
built along the lower stretcfies of the sti earns 
and also at the Wash 

SCALE MODEL MADE OF RIVER 

One of the greatest problems is that of tlie 
outfall of the River Great Ouse iiiio the Wash 
It IS essential that the discharge of this iiver 
when it is running high shall he more rapid 
Unfortunately the outfall is constantly changing 
and the sandbanks constantly shifting A 
spiecial scale model of the river was built at 
Cambndge in order to learn how to surmount 
these difficulties and much valuable inlormation 
was learned as a result 


The worst floods in Fenland occur when the 
tide in the Wash remains high for an abnormal 
length of time, thus preventing the rivers of 
the district from emptying themselves into the 
sea Oidmanlv the tide is low' twice in every 
twenty-foui hours, hut occasionally it remains 
high for several days at a time Then the river 
waters, deprived of an outlet to the sea, overflow 
their banks and inundate the countryside. 

FAMOUS DUTCHMAN’S PLAN 
Three bundled years ago Sir Cornelius 
Vermuvden, the great Dutch hydraulic engin- 
eer, came to the contlusion that floods weie 
inevitable in Fenland, but that they could Ik 
depriv'od of much of their destructiveness by 
being confined to a limited area 

He therefore conceived the notion of forming 
two rivers which would be paiallcl to eacli 
other, three-quarters ol a mile apart, and have 
low innei b.inks and very high outci Itanks 
When weathei conditions were normal tin 
waters of these rivcis would remain w'lthiii 
then banks, l)ut when abnormally high tides 
occuiTcd they would overflow then innet banks 
and foiin, betweiii tin high outer hanks, a 
lake w'heiein tlie surplus wtilei could accuniulati 
without causing damage to the sutiounditig 
country I ben. when the tide vs enl down, the 
pent-up water could make its way to the sea 
To convey surplus watei horn the lowlands 
to the livers an mincate system of drains and 
lodes was to he ealled into being The watii 
was to he pumped iiom the drains into tht lodi s 
and from the lodes into the rivers. 

WHEN EXPERTS DISAGREE 

The gicatti pail ol Vermuyden’s plan was 
put into opeialioii and it has remained the mosi 
I inpoi taut system ol flood prottction in Fenland 
The two rivers aie known as the Gld and the 
New' Hedlord Riv'cis and then outei banks aie 
the Great Harrier Banks But the scheme has 
outlived Its useluiness Floods continue to 
occur and their seventy increases as time passes 
The storage lake is not latge enough to hold 
all the surplus water. 

There is no subject on which experts disagree 
mote violently than on that of flood prevention, 
and It has not yet been decided how best to do 
away with the curse of Fenland, although 
multitudinous schemes have been advanced 
One plan is to erect a system of sluices across 
the mouths of the Great Ouse and the othci 
rivers of the district so as to render it impossible 




STRENCiTHENTNG SANDHILLS AGAINST INVASION BY THE SEA 
Sandhills being strengthened with a concrete sandbag protective /ace, thee feet thick, banded together with 
iron tods. The material wvn excavated fiom inland sandhilLs m the neighbourhood and brought to the workei s 
by thee tiains oj tiucks on a light lailway that was in continuous opeialion. 
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lor the sea-water to make its way up them when 
the tide remains high for an abnormal period. 

Another scheme is to build a great dyke 
across the Wash between Boston and Hunstan- 
ton, thereby turning the water-area between 
the land and the dyke into a tideless sea The 
cost would be enormous and the engineering 
difficulties considerable, since the mam channel 
in the Wash has a depth of one hundred feet in 
Lynn Deeps. 

PLAN TO DAM THE WASH 

A less ambitious alternative to the foregoing 
IS to build a dam across part of the southern 
end of the Wash, thereby cieating a lake in 
which flood waters could be stored until the 
sea went down. It would be possible to reclaim 
large areas within this dam without reducing 
the flood prevention value of the scheme. The 
whole project uould cost something like 
^([■14, 000, 000, and vxould involve the solution 
of engineering problems somewhat more diffi- 
cult than those grappled with in the reclamation 
of the Zuider Zee 

Tidal waves caused by high winds are capable 
of infill ting terrible damage. One of the most 
serious of these disasters was that which 


overtook the town of Galveston, die principal 
port of Texas, U S.A , on September 8, 1900 
With little warning a terrific hurricane carrying 
with it a tidal wat^c burst upon the town and 
its neighbourhood The entire tow'n was wiped 
out and seven thousand people perished. 

STEAMER CARRIED MILES INLAND 
Galveston is built on a low-lying island a 
little distance off the mainland It was pro- 
tected from the sea by a dyke The tidal wave 
sw'ept ovei the dyke, teanng it down as if it 
had been no stronger than match boa id. 'The 
Bntish steamer Taunton, which was loading 
cotton in the harbour at the time, was carried 
thiity miles inland Scarcely a building escaped 
damage The American Government regarded 
It as a national disaster and decided to lift 
the whole town several feet highei and protect 
it by a concrete wall seventeen feet high Tin 
carrying out of this work was one of the gieatesl 
feats of modem engineering 

The same kind ol disastei befell the port of 
Apia, in Samoa, in 1889 A typhoon wave, 
enormous in power, overwhelmed the harbour, 
driving twenty-one vessels ashore and devasta- 
ting the town. I'liere are certain legtons of the 



DISASTER IN THE HIGHLANDS OF SCOTLAND 
The remains of old Aberarder Bridge, on the Fort tViliiam-Kingussie road, swept away by a spate m the 
River Aberarder. Ptles being driven for a new bridge are on the right. 
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earth, particularly the Gulf of Mexico and the 
West Indies, where tornadoes are liable to 
cause great tidal waves of immense height and 
great strength to sweep over the land with 
terrible consequences. Against such freaks of 
nature as these man can, as a rule, do very little 

The sudden flooding of a populous valley by 
a bursting dam can be a very serious affair 
During the past twenty-five years records show 
that seventeen earthen and concrete dams have 
failed with, in some cases, horrific consequences 
The most stardmg, perhaps, was that which 
wiped out the town of Johnstown, in 
Pennsylvania. 

“ THE DAM HAS BURST ! ” 

During the last three days of May, 1899, a 
very heavy rainstorm fell on the Alleghany 
Mountains Small mountain streams, tribu- 
taries of the Conemaugh River, became raging 
toi rents Their combined waters raced towards 
the Conemaugh Reservoii, then the largest in 
the United States The great lake, two thousand 
five hundred acres in area, was held by a 
masonry dam one hundred feet high and seven 
hundred feet thick at its base On the second 
day of the heavy rams engineers noticed 
ominous signs of weakness in the dam wall, 
and a warning was accordingly given to the 
citizens of Johnstown in the valley below. 
Little notice was taken of the warning 

About three o’clock in the aftei noon of Mav 31 
the pent-up lake buist a two hundred feel gap 
in the dam One of the engineeis, Mr J Park, 
detecting what was corning, mounted liis horse 
and began to ride dow'ii the valley He had not 
gone far when a loud report told him that the 
dam had given way Galloping as hard as he 
could, he shouted to all " The dam has burst ! 
Run for youi lives ' ” 

TERRIBLE MOUNTAIN OF WATER 

The gallant engineer reached the town, but 
was ovei taken on its outskirts by a mountain of 
water fifty feet high tliundering along at a 
spec*d of two and a half miles a minute, bearing 
upon its angry crest, whole or in fragments, 
houses, factories, bridges, and at length villages, 
and growing wilder, higher, swifter, deadlier 
and moie powerful as it moved. Trees, brush, 
furniture, boulders, pig and railway iron, 
corpses, machinery, miles and miles of barbed 
wnre, and an indescnbable mass of miscellaneous 
wreckage, all inextricably mixed, also freighted 
the torrent. 


Immense mills were swept from their founda- 
tions and whirled downstream as if they were 
nothing more than a child’s' box of bricks. 
Pig iron by the hundred tons was borne away, 
the bars subsequently strewn for miles down the 
valley. Engines weighing twenty tons were 
tossed up and on as if the law of gravity had 



FLEEING RISING WATERS 
A woman climbs down to a lescue boat from the 
second floor of her home. 
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WHEN A TOWN WAS UNDER WATER 

Rescue and relief workers unloading boats at a railway siding to evaluate the lesideiils of the town ol 
Jeffersonville, Indiana. USA. Mare than ten thousand persons fled from the ri.sing water. 


been repealed One lotomoUve ^\as earned a 
mzle 

At Johnstovxn, where the shape ol the valley 
generated an enormous whirlpool, the loar of 
the waters and the grinding together of the 
wreckage could be heard lor many miles 

DAY AND NIGHT OF TERROR 

Hundreds who liad clambered to the roofs of 
houses floated about on that boding sea all the 
afterncxin and night, shot hither and thither 
by the ciazy flood Many were instantly 
drowned ; others who clung to fragments lalhng 
into the tvaterv perished when their strength 
gave way or then limbs weie broken by contact 
with passing uTeckage A telegraph operator 
at Sanghollow saw one hundred and nineteen 
bodies, living or dead, float by in an hour 
Early next morning two corpses had reached 
Pittsburg, seventy-eight miles distant. 


A little boy was rescued who, with his 
paieiils, a biolher and two sisters, had sailed 
down fioni {olnistown in a small house Ihis 
went to pifces in going over a budge, and all 
were diowned but he A ralt Ibirned from part 
ol a floor held a young man and two women 

FI, ODD WRECKAGE CATCHES HRE 

As they neared Bolivai Bridge a rope was 
lowered to rescue them, and the man was 
observed to be instiucting the women how to 
catch hold ol it He succeeded in clutching it, 
but they failed, wheieupon he purposely let 
go and regained the ralt as it lurched under the 
bridge Later it strut.k a tree, into which with 
superhuman stiength he helped his companions 
to climb; but a great wreck soon struck the 
tiec, instantly overwhelming the trio in the 
seething tide. 

Fate reached the acme of its malignity next 
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CITY or TENTS NEAR A FI CODED AREA 

A lelicf roiuciUiation (.amp after the Mi\sis^ippi had bin M the levee, and flooded the lowlands On occasion 
fertile di\tii(i\ as lai^c as Iieland have been siiddeiilv swamped and lar^e towns submerged. 


day, alter the flood had Ix'gun to sulfide Then 
the imriifiise Ixioin ol debris gathered at tlie 
tJilway biidgejust below Johnstown— an cightli 
ol a mill' wide and long, lioin thiiis to flits lect 
deep, and lanitned so solisl that dsuairnn was 
at last lequued to rend it -took fiie I'he 
llamcs ratted loi tsselve hours No eiroit was 
spared to leiiwer the lis ing impiisonid in the 
pile Filty oi more were taken out, but it is 
believed that iiioii than five bundled peiished 
It IS computed that some nine thousand people 
perished m the Hood, and a lurthei fifteen 
thousand weie tendered homeless 7 he financial 
loss was put at 000, 000 

AEROPLANES FEED Fl,OOD VICTIMS 

In the early days ol March, 1938, three days 
of continual loirential ram culminated m 
extensive floods in Southern California Some 
two hundred people weie diovvned, twenty 
thousand rendeied homeless, while damage to 
bridges, roads and inihlic buildings totalled ovei 

10,000,000. Hundreds of people cut off b) 
the raging waters on isolated hilly districts were 
supplied with food and medical aid by aero- 
planes, which also dropped strips of white cloth 
vvith instructions foi their use in the fotmation 
ol code letters enabling airmen to leain urgent 


lecjuiremeiits Many film slais were marooned 
at Malibu Beach Film pioduction was held up 
at Hollywood as practically all the film lots 
were underwater 

SWEPT OUT TO SEA 

Y'lsilors at Palm Beach, a fashionable resort 
on the California coast, were rut irff Irom the 
outside world until an aeroplane brought them 
food and candles, and many other towns were 
without light, heat ot clean drinking watei. 
Looting became widespiead, and oiders were 
given to the police to shoot on sight. Ten of 
the victims of the disaster weie killed when a 
footbridge over the Los Angeles River at Long 
Beach was swept away Two ol the people 
on It wei e i escued from the wreckage by sailors 
of the United States Navy, one a mile, and 
the other three miles out at sea 

In Los Angeles shopkecpeis attempted to 
save their goods by building sandbag barricades, 
and the entire personnel of the fire and police 
departments were engaged m assisting the 
injured and homeless. All schools, courts and 
government agencies were closed Many streets 
and highways were made impassable by 
landslides and all railway traffic m the flooded 
area was bi ought to a standstill Atwood was 
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destroyed when a dyke gave way and the 
Santa Ana River poured through the town. 
The town of Anaheim suffered in a similar way. 

No nver in the world has caused man greater 
concern on the question of floods than the 
Mississippi. How to keep this historic stream in 
check IS one of the greatest internal problems 
confronting the American nation. 

RIVER OF PERPETUAL FLOODS 

Only those acquainted with the Mississippi and 
Its power to wTCck cities and devastate large 
tracts of fertile land can grasp the seriousness 
of the situation and the tremendous problem it 
presents Ever since towns began to use upon 
Its banks, and steamers to ply upon its waters, 
the engineer has been at war with the river He 
has lined its channel with thousands ot miles ot 
fort-like dykes, or levees, and has established 
at various points protective works and plant, 
so that when floods occur men and material 
can be hastened to the place of attack and so 
prevent the rising waters from submerging the 
sui rounding country 

The story of man’s settlement upon the 
Mississippi IS practically one long record of 
stern fights against the flood fiend. Since 1874 
there have been at least a score of major floods 


in the Mississippi Valley, while hardly a year 
passes without one or more of its many tribu- 
taries overflowing their banks, causing wide- 
spread damage THe value of property destroyed 
in these floods runs into several hundred 
millions of pounds, while many thousands ol 
lives have been lost. Fertile districts as large as 
Ireland, where cotton, sugar, fruits and Indian 
maize were under cultivation, have been 
suddenly swamped, and large towns submerged. 

FORSAKEN BY THE RIVER 

These misfortunes have not been solely due 
to the river merely rising to a great height, 
overflowing its banks, and then gradually sub- 
siding into Its original channel That is too 
conventional for the Mississippi, which is nothing 
if not original m its methods It has a discon- 
cciting knack at times of suddeiilv changing its 
course, with the lesult that impoitant towns, 
whose very existence depends upon then tiad< 
with the river, suddenly find themselves 
stranded several miles inland 

This happened to Vickshiiig It used to be 
on the river, and boasted ol miles of v\ halves 
and docks Now it is five miles inland, on 
Centennial Lake The nvei seems to delight in 
falsifying the maps and making geography to 



ON AN IRRESISTIBLE ERRAND OF DESTRUCTION 
A bridge usually jar above the normal level of the Ohio as it appeared when the swollen river ran swiftlv 
towards its junction with the Mississippi and flooded the deck of the structure. 
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DYNAMITING A LEVEE TO RELIEVE PRESSURE 
A huge d\uawitc blasts ie/uh/ig water and mud into the air, ripping a hole in the Mississippi River levee 
ihioiigh which water could pom to relieve piessure on the walls of an American town. 


suit itsc‘ll The town of Della, for instance, 
loimeily stood above Vivksburn, now it is 
sevcial miles below The place ilsell, ol course, 
has not moved, but tht sportive Mississippi 
shifted Its course, so that it now runs past 
Vicksburg be/oie it icaclics Delta. 

RIVER THAT CHANGES DIRECTION 

The great sticam is all twists and turns, and 
IS constantly bieaking through Iroin one curve 
to another Sometimes this has the effect ol 
reversing the How thiough the channel for a 
mile or two, which means that dwellers upon 
Its banks wake up one morning to find that the 
river which had been running cast past their 
doors now' tuns west. The map-makers are 
always busy. 

In dealing with the flood problem of the 
Mississippi, the engineer has not only to take 
into consideration the rivei itself, but the great 
tributaries that feed it. In the floods of January 
and February, 1937, when nearly a million 
people were rendered homeless and a score of 
tow'ns were submerged under several feet of 


water, it was the Ohio that had overflowed 
'1 his river is nine hundred and sixty miles long, 
of considerable commercial importance, and 
joins the Mississippi at Cairo 

The Mississippi and the Missouri are virtually 
regarded as one stream, one of the greatest 
waterways in the world, w'ith a total length of 
four thousand five hundred miles It is eight 
hundred and thirty miles longer than the Nile 
in Africa, and over a thousand miles longer than 
the Amazon in South America 

CONTINUALLY CREATING SANDBARS 

The average discharge of the Mississippi at 
the mouth of the Red River, which enters it a 
few miles above the Gulf of Mexico, is six 
hundred and ten thousand cubic feet of w'ater 
per second In times of severe flood the dis- 
ch<arge has been as high as two million three 
hundred thousand cubic feet per second. A 
cubic foot of water would fill two good-sized 
pails, which means that every second nearly 
five million pails of water flowed past the mouth 
of the Red River. 
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The quantity of iediment bi ought down by 
the river is immense Careful tests have shown 
that It amounts to a car load of silt every second, 
or, in SIX months, a quantity equal to the total 
excavation made for the Panama Canal, namely 
tv\o hundred and ten million cubic yards This 
silt furnishes the river with plenty of material 
lor Its geographical experiments, and it is 
contmuallv creating sandbars and building new 
banks, to the confusion of navigators and pilots 
T he principal method ol defence is the levee 
In a geneial sense a levee means an embank- 
ment w hich holds off w ater, and nothing more. 
A Mississippi levee, however, is a very clevei 
piece of engineering work, upon which is 
expended much caie and skill. 

EMBANKMENTS TO HOLD IN RIVER 

The levees are built very much in the same 
way as railway embankments, by contiactors’ 
equipment of locomotives and cars, operating 
over temporary tracks, or by various special 
levee machines T’he most noticeable type ol 
the latter is the big dredge, which tianslcis diit 
in great cai loads ftom the riverside to th( top 


of the dyke. Then there is the travelling scoop, 
hauled on a wire cable, which gathers material 
from a distance ^impossible to a dredge, and 
deposits It neatly on the top ol the bank. 

Some of these levees aie close to the liver, 
while others are set back a mile or more away 
from the stream Thus in flood time the stream 
in places is two to three miles wide Each year 
the levees have iiseri higher and higher, yet 
the Mississippi, refusing to be thwarted, kec]is 
piercing them or overlapping their crests. 

BUILT ENTIRELY OF EARTH 

They are built entirely ol eailh, not a stone 
or stick goes into a levee These latter the 
enginecis say tend to make the cnibankmcnl 
porous, and the creation ol a veitical filiei, 
nacuially, is the last thing desiied The levees 
arc sodded with Bermuda grass planted in tults 
loui inches square at inteivals ol two (eel 
Other grasses, sueh as allalfa, are also ustd 
They help to resist the eioding tendency ol the 
waves and air cunents 

The gie.itest enemies ol the levee aie the 
cravhsh and musk-rat Both these pests attack 



PROTECTED BY STEEL WEB AND ASPHALT 
Fart of a plant for laying mattresses of steel weh covered with asphalt to protect the banks of the Mississippi 
In twelve days over sixteen thousand linear feet weie placed m position 
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WOOD TO WAGE WAR AGAINST WATER 

A mammoth boaiil mattias built to piotcct pan of a bank of the Mississippi against the action of high 
water. The wotk was earned out by the United States fVar Department. 


the hank from the riverside, boring into the 
earth, either stiaight thtough or perhaps 
tortuously A hole made in this way spurts 
water diieetlv the iivei reaches its level, and if 
allowed to remain unattended it will increase in 
si7e until It imdei mines the entire embankment, 
when a big fissure rtsults. 

MATS M'VDE OF CONCRETE 

The levee is not the only method employed 
loi coiiirolling this erratic w’aterway Where 
ihe user flows between banks ol soft sand, 
easily washed away, they aie strengthened 
with a giant mat tailed a levetnienl Until 
leeently such mats wen woven ol willows and 
sunk with stones. Now articulated conciete 
slabs are mostly used, or a matliess made of 
steel web tovered wnth asphalt The cost of 
revetmcnl is sometimes as high as ;(,60,000 a 
mile 

In order to cut the banks down to a gentle 
slope before laying these mats, powerful 
streams of water from hydraulic jets are 
tequisitioned With such terrific force does the 
water strike the banks that it literally eats them 
away; it is computed that a single jet will do 
the woik of a hundred navvies. 

One ol the latest devices resorted to by the 
engineers for controlling tins lefractory liver 
is the construction of artificial channels, known 
as cut-offs. The Mississippi, particularly in 


Its lowei reaches, is a very serpentine stream. 
Ti IS all twists and bends, wriggling its way to 
the CJull like some gigantic snake The engineers 
are straightening the nver by cutting channels 
across the necks of these bends Between the 
River .Arkansas and Red River Landing, a 
distance of three hundred and seventy-two 
miles liy the flow of the stream, there are 
twelv c of these cuts They have had the effect 
of reducing the navigable channel of the 
sticam by one hundred miles. 

When these cuts were first proposed many 
were sceptical of their success They leared 
that the effect of confining the rivei to a straight 
channel would result m the banks above and 
below the cuts being earned away Such, 
however, has not been the case T hese artificial 
channels vary fiom one to five miles in length, 
and the saving effected to river traffic is from 
five to as much as twelve miles. 

FLOODS CAN BE FORETOLD 

Fortunately the Mississippi always gives 
warning before one of its outbreaks, but once 
the ultimatum has been delivered it know's no 
rules or laws, and shows itself a relentless foe 
After the heavy rams in the spring the river 
always begins to rise — sometimes slowly, at 
other times more rapidly 

A Mississippi flood below Cano is curiously 
deldicidlc and leisurely. Sometimes the crest 
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of the stream, within the levees, makes from 
thirty to fifty miles a day. Sometimes it boasts 
not more than ten or fifteen miles. Again, the 
river may rise to a certain height, then fall 
somewhat ; then rise even higher. Occasionally, 
therefore, the exact location of the flood crest 
is temporarily lost. Such is the big river’s whim, 
and so far it has passed the wit of man to 
circumvent. 

The floods of the Ohio Valley in the January 
and February of 1 937 arc among the worst ever 
experienced Nearly a million people were 
rendered homeless, over a thousand lost their 
lives. The damage to property was estimated 
at 100,000,000. Both the Mississippi and the 
Ohio Rivers rose far above normal flood-level 
The Ohio was the worst offender. Its waters 
reached a height of sixty-eight feet, or sixteen 
feet above normal flood-level. 

Every town and settlement along its banks 
from Pittsburg to Cairo, where the Ohio |oins 
the Mississippi, were called upon to wage a 
stern battle against the ever-nsing waters 



TOWERING ABOVE THE CHASM 
Pacoima Dam, part of the flood control system of 
San Fernando Valley, in Calijorma. 


Army engineers directed the fight, and thousands 
of convicts were brought from the prisons and 
put to work upon the levees. Every able- 
bodied man was pressed into service, filling 
sandbags, rushing cart loads of earth to the 
levees, erecting barricades at weak spots to 
save their homes and cities from the dreaded 
waters Men toiled till they dropped from 
sheer exhaustion Despite these Heiculean 
efforts, the river broke through the levees in 
several places. 

CITY SUBMERGED PURPOSELY 

A poition of Pittsburg known as the Golden 
Triangle, so called because it contains the 
high-class shopping, amusement, and financial 
district of the city, was submerged. The men 
and women of Cincinnati pul up a ticmendous 
fight to save llleii cily, but the iiver won, the 
stieets being flooded to a depth of twelve feet 
•A similar fate overlook Louisville, Evansvilli, 
Frankfurt, and Kentucky, as well as othci 
settlements along the banks of the river. 

Fearing that the wati'is would shattci the 
flood wall at Poitsinouth, a sivtv-loot tonciete 
stiuctuie built at a cost of ,C2t)t),0()(), it was 
dccitkd to open the shiiecs and allow the w.itei 
to submeige tht citv, this h( ing tegaided as the 
lesser of thi two evils The wall was tieeted 
to protect the pi. ice against floods as a result 
of tlie tt inlile ( vpei It nces of 1913 Aecordingls 
the entire [lopul.ition — thiity thousand in all - 
were evacuated at thiee o’clock one rnoitung 
to the sound ol sin ns Then the watei poured 
in and submerged the stieets to a depth of siv 
feet Tile population took refuge on lulls in the 
neighbourhood. 

FLOOD WATERS ON FIRE 

Fourteen ol the seventy scjuate miles of 
Cincinnati, when thiity thous.ind (leople lived, 
were submerged bv the flood waters While 
evacuation work was going on and the resources 
ol the authorities taxed to the utmost, a tiemeii- 
dous explosion rent the air followed tiy a great 
mass ol flame hundreds of iect in height. 
Fifteen petroleum tanks containing a million 
gallons of petiol had suddenly ignited 

The tefmciy and the flood waters immediately 
surrounding it became a bed of flame. It was 
feared that the bla/ing petrol would be earned 
by the flood waters thiough the city The flames 
did, in fact, spread over an area of four miles by 
half a mile deep. A hundred prisoners were 
released from the city gaol to help fight the 
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flames. A girl telephone operator in a factory 
near the refinery saved many lives by remaining 
at her post and shouting a general warning 
through the house telephones. 

Meanwhile the cities in the Lower Mississippi 
Valley, fiom Cairo to the Gulf, were ex- 
periencing an anxious time. The Mississippi 
itself was in flood. This meant that the main 
stream was unable to take the flood waters of 
the Ohio so rapidly as would have been the 
case had its own flow been normal. 


PLANS TO EVACUATE 500,000 PEOPLE 

Thousands ol woikers under army engineers 
were sent to strengthen and protect the levees 
along the Mississippi to meet the oncoming 
flood waters from the Ohio, more particularly 
along the three hundred miles siictth of the 
river between Cairo and Memphis So serious 
was the situation at one time that the Govern- 
ment made arrangements foi the evacuation 
ol hr.Jl .1 million people 

Although the flood tvater did overtop the 



levees at certain points, the evacuation was 
fortunately not necessary. Vast quantities of 
the flood water escaped through broken levees 
in the Ohio Valley. 

nCHTING DISEASE AFTER FLOODS 

In addition to fighting flood waters, another 
battle has to be fought which is equally as 
important and is often as strenuous. This is 
the work ol the Red Cross and Public Health 
Service Their task is a colossal one. First, 
communication has to be re-established with 
the stricken area Hundreds of thousands of 
refugees have to be sought out, comforted, 
provided with shelter, fed, clothed and 
inoculated against disease. 

When floods occur men, women and children 
with their domestic animals hasten to the 
levees, to ridges, and ancient Indian mounds 
to escape the rising waters Crawling up from 
the flood come foxes, rabbits, quail, deer, wild 
turkeys, to climb ovei man’s piled up furniture, 
bedding, and bundles, unmindful now of him 



MIDNIGHT WATCH ON THE DANUBE 

SoUHers keeping an anxious and cheerless vigil on a bank of the Danube They are watching the gradual 
rising of the flooded river in order to telephone the authorities In case of emergency. 
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and his dogi Only the snake is denied refuge 
Animals shrink from it; man kills it. Some 
people take refuge in trees, m the upper storeys 
of their dwellings and on roof tops These have 
to be rescued by boat 

During the floods of 1927, which were 
particularly severe in the Lower Mississippi 
Valley, a small band of pious negroes at 
Memphis, led by their pastor, built a crude ark 
Into It they put their wives, children, chickens, 
dogs and pigs. But the ark began to leak, and 
the would-be Noah hastily fled to the nearest 
levee, his disciples and their animals wading 
swiltly after him 

FEVER AND PESTILENCE 

The biggest task which faces the authorities 
as the floods recede is fighting fever, smallpox 
and pestilence In the floods of Januarv and 
February', 1937, over sixty thousand people 
were inoculated against disease and twenty-five 
million grains of quinine weie distributed 
More than twenty thousand dead animals — 
mules, horses and sheep — weie destioyed, cart 
loads of oil being ased to burn the caicasses 

As the water subsides people move back by the 
thousand to see what condition their homes are 


in Here drinking water is contaminated 
Whole villages submerged for days and perhaps 
weeks, reek with decaying plant and animal 
life Flowing water«gives way to stagnant pools, 
strewn with floating things black with flies 
Mosquitoes breed by the million Only the 
most rigid precautions can avoid an outbreak 
of pestilence in the months ahead 

LEVEES BLOWN UP TO SAVE CITY 

The floods vary considerably in their intensity. 
That ol 1927 was paiticularly severe In the 
Lower Mississippi Valley eighteen million two 
hundred and sixty-eight thousand seven bun- 
dled and eighty acies ol land were completely 
flooded Over eight hundred thousand people 
were driven from their homes, three hiindied 
and ihiiteen lives were lost, and the damage 
to piopeity totalled /'60, 000,000 

The rivei rose twenty-four feel above normal 
and to save New Orleans levees wen blown up 
by dynamite 

After this leeoid-breaking flood a jTfiO.OOO.OOO 
Mississippi llood-contiol plan woiked out by 
Ma)oi-(ieneral J.idwin, duel of the United 
States Aimv Lngineers, was submitted to 
Congiess and put into opeiation 



DRIVEN FROM THEIR HOME BY FLOOD 

fVJien breaches occurred in the Sind Canal in India many villagers were forced to seek refuge elsewhere. 
A heavily laden boat of household effects being punted to safer quarters 



BOULDER DAM AS SEEN FROM THE AIR 

To the n^ht arc thee of the foui intake tonert. each three humhed and ninetv feet hi/th, through which 
natei passes to the hydi't-elei trie station m the canyon walls There are fifteen WSfXlO-horse-powcr turbines. 


RIVERS IN HARNESS 

S INCE the beiriimiiig of the pieseiit century site was chosen because here the river has a 
hydraulic engineeis has e won manv granite bed, at no gieat depth belosv the suilace, 
spect.'uulai battles in ihen elForts to lorte upon which him ioundations could be secured, 
rivets to hel|) man to make the earth iiioie The engineers’ l.isk was to throw' a million 
liuitlul tons ol masonry at loss five channels, through 

Millions ofaties of desert land in all the five which the watei poured towards the sea at a 
(ontments have been made to yield countless speed ol sixteen miles an hour 
Ions of food by nngation horn leservoirs The waters ol the river weie first deflected 
iormed by mighty dams and ban ages In many' into the two channels on the west side bv the 
cases these structures serve other purposes as construction ol a great ciiciilar barrage around 
well, they supply electric power in con|uiiction the area chosen for the dam foundations on 
with hydio-electnc plants, improve navigation the east side. When the i ivei was low the watei 
by raising river levels, and control flood waters, was pumped out of the enclosuie and hundreds 
I'he Aswan Dam, the fust of the mighty of men swarmed over th( uncovered bed to 
stiuctuies that modem engmeeiing called into e.xcavate to a depth ol loitv feet bt'Iow its 
being to stoic the watei s ol the Rivei Nile, is at original level. It being necessary to com- 
the head of the fiist cataiact, seven hundred plete these opeiations before the river W'as in 
and fifty miles from the rivci’s mouth. This flood again, the men worked on day and 

ft I 
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night shifts without interruption for months 
on end. In the course of a single day they 
placed three thousand six hundred tons of 
masonry in position. 

After the foundations of the first three channels 
had been laid, sluice-gates were built into the 
partially completed structure, and through 
these the water was able to escape while the 
remaining channels were being bridged. 

When completed in 1902 at a cost of 
£3,000,000, It formed a reservoir capable of 
holding one thousand million tons of water. 
Its height from the foundations was one hundred 
and twenty feet ; its length from shore to shore 
was IJ miles; its bottom thickness was one 
hundred feet; and at its crest, along which ran 
a roadway, it was twenty-four feet wide 
One hundred and forty under sluices, each 
with an area of one hundred and fifty square 
feet, and forty upper sluices, each of seventy- 
five square leet area, were built into the dam, 
and at one end locks were constructed to allow 
ships to pass up and down the river. 

DAM NOT LARGE ENOUGH 
The dam had not long been finished when 
there arose a demand for a much larger supply 
of water, and it was decided to raise the crest 
of the dam by twenty-three feet, thus allovsing 
for the impounding of an additional two 
thousand four hundred million tons ol v\atcr 
The heightening operations were begun in 
1907 and completed five years latet. 

Before the crest of the structure could be 
raised it was necessary to thicken it 'Phis 
thickening was done in a rather curious maiiiif t 
Hundreds of steel rods weie driven into the 
face ol the old wall, and the new masonry was 
built around these rods, between tsvo and six 
inches away from the wall Alter the lapse of 
two years the space between the old and the 
new masonry was filled with cement, which was 
pumped m through flexible piping Only then 
were the heightening operations begun. 

HISTORIC ISLE SUBMERGED 

The reason for the complicated procedure 
adopted for the thickening was that the new 
masonry had to be given time to contract 
before it could be safely joined to the old 
The Aswan Dam was raised a further thirty 
feet after the World War, and it now weighs 
three million tons and impounds foui thousand 
eight hundred million tons of water, or enough 
to supply the domestic needs of Birmingham 


for more than a hundred years. The reservoir 
in which this water is contained is nearly as 
long as Ireland. It gives life to hundreds of 
thousands of acres. < 

There was one very regrettable, but quite 
unavoidable, result of the construction of the 
dam : the submersion in its reservoir ol the 
historic islet of Philae The island, which 
contains a number of ancient rums and which 
before the heightening of the dam had the 
reputation of being one of the most beautiful 
places m Egypt, is now totally submerged 
except during July and .August, when the 
sluices f)l the dam aie open to allow the water 
to scour away the .iccumulated silt. 

IRRIGATING A DESERT 

In the fork of the Blue and the White Niles 
there is an are.i of live million acres known as 
the Gezira Almost the whole ol this tract was 
unproductive until the coiistiuetion of the 
mighty Sennar Dam, on the Blue .Nile, about 
one hundred and seventy miles from Khartoum 
This dam was first suggested about 1904 by 
Sir William Gaistin, one of the pioneers ol 
Egyptian irrigation, and the founder of the 
Sudan branch of the Egypiiian Irrigation 
Service, and although plans wcie diawn up for 
It in 1911, It was not begun until after the 
World War 

Bv 1925 the opei.uions were far enough 
advanced to allow ol water being diaw'ti out of 
the reservoir. A lew yeais later three bundled 
thousand acres were being irrigated from it, and 
It will be possihlf lor it to give feitility to .it 
least three million arres ol the (ic/iia, which 
will then yield lout hundied million tons ol 
cotton yearly 

WORKING AGAINST TI.ME 

The dam is at Makwai, live miles south of 
Scnnai, where the sltearn ciosses a iiairow belt 
of rock, m which good foundations could be 
laid I'he site had a liirther recommendation 
m that the river is at this point divided m two 
by a small island As in the case of the Asw'an 
opieiations, the engineers had an anxious time 
as they struggled level ishly to get the various 
parts of the work completed before the floods 
came 

The dam is two miles long, ond hundred and 
thirty leet high and ninety feet thick It raises 
the level of the Blue Nile by some fifty feet, and 
it is fitted with two hundred and six sluices 
and spillways. Fifteen million cubic yards ol 
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RAISING THE CREST OF THE ASWAN DAM 
Before the crest of the structure could he laised it was necessary to thicken the wall. Hundreds oj steel 
rods were driven into it, and the new masonry was built aioutid the rods, about Join inches away /torn the 
wall. After an interval the space was filled with cement. 


334 


RIVERS IN HARNESS 


masonry were used m its construction, and 
seventeen million cubic yards of earth were 
excavated 

The storage reservoir is fifty miles long and 
impounds one hundred and forty thousand 
million gallons of water. From it issues an 
irrigation canal sixty-six miles long, and there 
are two thousand miles of subsidiary irrigation 
channels The cost of the whole pro)cct was in 
the neighbourhood of ,(^10,000,000. 

Men ol inanv r.iccs were employed in the 
Sennar Dam’s construction . Arabs fiom the 
other side of the Red Sea, black men from 
Nigeria and the P’rench Congo, native Egc^tians 
and European engineers 

PRECAUTIONS AGAINST DISEASE 

Elaborate precautions had to be taken to 
safeguard the workers fiorn malaria and lice- 
borne diseases such as typhus and relapsing 
fever 

In order to discover the extent of the piessuic 
exerted by the impounded water on the struc- 
ture, a nunibei of steel cylinders, connected by 
wires to electnc recording instruments, were 
placed in the wall ot the dam at vaiious levels. 



FIRST OF EGYPT’S GREAT DAMS 
The Afwan Dam, seven handled and fifty miles 
from the mouth of the Nile, was built in 1902. 


It was discovered that at a depth of one foot 
the waters exerted a pressure of sixty-two 
pounds per square foot, at ten feet six bundled 
and twenty pounds,* and at one hundred feet 
SIX thousand two liundred pounds. 

LONGEST OF NILE DAMS 

The longest of the dams in the Nile irrigation 
system is the Gebel Aulia acioss the White Nile 
south of Khartoum, in the Northern Sudan, 
which was begun in 1933 and finished lour 
yeais later. It is divided into three sections with 
.1 total length ol five thousand lour hundred and 
sixty-three yards, or more than three miles. 
The middle section, one thousand eight hundred 
and filly yaids long, contains sixty sluices, 
whereby the flow is conti oiled, but the other 
two sections art solid The dam lorms a reser- 
voir one hundred .ind ninety miles long with a 
maximum width of over lour miles 

.Seven ycais bclort the finishing of the Gcbi 1 
Auha Dam, the woik ol iriigating Middle 
Egvpt was complcttd bv tht inaugiii ation ol .i 
great barrage at Nag-ham. idi, four hundred 
miles upstream Iroin C.uro This nme-hundied- 
yard-lorig stiuctuie w.is built at a cost ol 
/'2,000,(KK) to give ptrenm.d watci to live 
hundred ifious.md .irtes 

Inspired bv ihr iim.Klts Biitish engineers 
have wrought m the diseits ol Egypt, the 
french .ire nursing the pro|et I ol turning p.iits 
ol the bairen .S.ihara into .liable l.iiid by sinking 
wells fat irclow the surl.ict' to tap a v.isl sub- 
terranean sea of puie water which is believed 
to exist there 

BARR AGE BUILT OF BRICKS 

{sir William Wilkotks, wlio pkinned the 
Aswan Dam, was responsible lor the tonstiuc- 
tion of the Hindiya Bairage acioss the Etiph- 
i.ius, in Iratj, near the siK ol ancient Babylon 
Orie-sixth ol a mile long, it is composed en- 
tiielv ol bricks manul.ictured on the site It has 
enriched nearly a million acres of deseit land 

The engineers in chaige of the Hindiy.i 
project had some difficulty in inducing thr 
Arab lahouieis to abandon their primitive 
excavating tools and technique in favour of 
shovels, wheelbai lows and planks After 
Euiopeaii methods had her n explained at some 
length to one thoioughly coiisiervative native, 
lie replied “ You people fiorn the West' IVhv, 
a thousand years ago no one knew you My 
people have been here since the days of Moses. 
Arc you going to leach us to carry caith? ” 



WORKING BY NIGHT ON THF SENNAR DAM 
In their rare against floods the eiigiiieeis foiiml it imcssuiv to worh iiighi ami da) on the building of the 


Seniiai Dam. Ii laises the U-vc 

The sister iivcr of the Euphiaits, ilie Fii'iis, 

IS notv beintr danirncd to inigale ifii llious.ind 
stjUdie miles of Iiaq it, wh.tt, .iccording to 
sornt authoiities, was oru'c the Garden ol Ldcn 

INDIA’S MIGHTY IRRIGAIION WORKS 

No counliv in the woild stands mote in need 
ol vast inigation undeitakmgs, and the imght> 
dams that go with them, than India, where the 
lineal ol di ought and lamme is e\er present 
No fewer than siMy-fite million aoes ot land 
in this vast suh-eontinent dep< nd loi then 
lertility on irrigation st hemes, and within 
leceiit times the Indian Government has 
expended mote than 1 l(),0l)0,0t)0 on storage 
dams, canals and various subsidiaiv works 

Among the giealcsl ol India’s artifinally 
made irrigation-channels are the Great (ianges 
Ganal and the Chenab Canal. The toriner has 
a total length, including branches, ol just under 
ten thousand miles, and it supplies water to 
1 1 million acres The principal channel of the 
system is two hundred feel wide, ten leet deep, 
and stretches for three hundred and sixty miles 
fiom Its source, 

The Chenab Canal, issuing from the river 


/ of the Blue Nile hi filly jeet. 

of the same name m the Punjab, sends two 
thousand eight hundred miles of channels ovei 
an aieaol loui thousand six hundted and fifty 
squaie miles 

Till most spectacular ol Indian irrigation 
strurtuic is the Sukkui Dam, oi Llovd Barrage, 
acioss the Ris'ci Indus, in the piovincc ot Sind 
It was completed in 10T2, nine years alter it 
had been begun, but nearly ninety yeais alter 
It had been first pioposed Before its construc- 
tion, Smd v\as laigely barren, producing 
conipaiatively little lor its size, but now 
millions ol Us acres are among the most fertile 
in the Empire 

PROSPERITY BROUGHT TO MILLIONS 

The tract it iriigates is largei by five hundred 
thousand acres than the whole arable area of 
Egypt, and will ultimately give a livelihood to 
two and a half million land-vs orkers. The 
annual production of this irrigated land now 
includes one million five hundred thousand 
tons of wheat, six hundred thousand bales of 
cotton; five hundred thousand tons of rice, 
and one hundred and twenty thousand tons 
ol oil-seeds. 
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The dam is about a mile long and consists 
of sixty-six arched spans, each sixty feet wide. 
Under each arch are two steel sluice-gates 
each weighing fifty tons. The gates are elec- 
trically operated from a high-level bridge, 
above the low-level bridge which runs along 
the top of the dam 

Ncaily five thousand seven hundred million 
cubic feet of earth were excavated in the course 
of the construction of the dam and its subsidiary 
W'orks The lake it forms feeds seven main 
canals, each as big as the Thames, as well as 
SIX thousand miles ol small canals and thirty- 
one thousand miles of irrigation courses The 
total cost, including canals, was about 
,{:i 3,000,000 

PREVENTION OF FAMINE 

This Lloyd Barrage at Sukkur must not be 
confused with the Lloyd Dam at Bhatgar, thirty- 
two miles from Poona, in the Deccan The 
Bhatgar structure, the last of a senes ol gigantic 
schemes to pievent lamine in Bombay Presi- 
dency, was completed in 1928, fifteen years 
alter it had been begun Contaimng twenty-one 
million cubic leet of masonry, and stretching 
lot over a mile, it lot ms a lake with an area of 
foul teen square miles, which irrigates eight 
hundred thouLsand acres, and is responsible lor 
the raising of about ,(^4,000,000 woi th ol crops 
every year 

The cost of the dam was /^l, 250, 000, which 
was fifty per cent less than that of the Aswan 
Dam, although the volume of the latter is less 
by some two million five hundred thousand 
cubic feet 

I’lie Mettur Cauv'cry Dam, some two hundred 
miles from Madras, was completed in 1934, 
after ten years arduous work Its three million 
tons of masonry lorm a tnile-long wall im- 
pounding ninety-four thousand million cubic 


feet of water, which irrigates one million acres 
of rice fields. 

The Marikanane Dam, in Mysore, is one 
hundred and forty-two feet high, one thousand 
three hundred and fifty feet long, one hundred 
and thirty feet deep and impounds thirty 
million cubic feet of water in a lake with an 
area of thirty-four square miles 

Also in Mysore is the Tansa Dam, one and a 
half miles long, and storing three hundred 
million gallons of water. 

INDIA’S HIGHEST BARRAGE 

The mighty Bhakra structure in the Punjab 
will tower to the majestic height of five hundred 
feet, which will then make it India’s highest 
barrage. 

The building of these dams in wild country, 
many miles from the centres of civilization, is 
fraught with difficulty. The troubles met with 
in the course of erection ol a dam acioss the 
Periyar River, in Tiavancore, are typical of 
those which India’s iirigation engineers are 
called upon to face 

The dam is in hilly, uninhabited country, 
covered with thick undergrowth, and infested 
with elephants, tigeis and bulTaloes Pot six 
months ol the ycai, while the rivei was m flood, 
operations wtre out oi tlie question, and three 
ol the remaining six months were lost when 
malaria went thiough the camp and stiuck 
down most of the woiktis 

“ P’oi the first two years of construction,” 
says the engineei icsponsibh (oi the building 
ofthisdain, “ watchmen with diumsand bla/.ing 
files had to guard every camp at night against 
inquisitive wild elephants which constantly 
visited the works, uprooting milestones, dis- 
mcinhcring nciv masonry, treading down 
embankments, playing with cement baircl.s, 
chewing bags of cement and blacksmiths’ 



MOST SPECTACULAR INDIAN IRRIGATION-BARRAGE 
The Sukkur Dam consists of sixty-six spans. The lake it forms feeds seven main canals each as big as 
the Thames, six thousand miles of small canals, and thirty-one thousand miles of irrigation courses. 
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WATERING COTTON PLANTS IN THE SUDAN 
Between tows of cotton plant', flow small streams of water which ate fedjtom the canal on the left. The 
canal itselj is fed though huge pipes from the Sennar Dam. 


bfllous, ciuinplint? up zinc sheets, kneeling on 
non Imckels ,111(1 doing even thing that inis- 
cliief eould suggest ■iiid power perloiin ” 

One niglil ,i tamp in which two bundled and 
eighty natives vveic sleeping was iiiv.ided hy a 
maddened bull-elephant It tr.impled down 
the tents, killed two men and caused the others 
to flee to thi )ungle Many hours passed hcloie 
all tlie mtn could be induced to letuin to the 
camp, which is perhaps not altogether a matter 
loi suipiisc 

Very large tracts of the Australian continent 
— a territory ol 2,074,581 square miles — 
depend foi their fertility on iingation schemes 
One of the most impiessive ol these is the 
Burriniuck Consei vation System on the Murrum- 
bidgee River in New South Wales. 

LAKE 220 FEET DEEP 

The Burnnjuck Dam was built in a deep 
gorge between the towering peak after which 
It is named and the Black Arrow Mountain. 
T he huge lake which it forms has a surface area 
of twelve thousand seven hundred and forty 
acres, a depth of two hundred and twenty feet, 
and holds thirty-three thousand six hundred 
and thirteen million cubic feet of water. From 
It the life-giving liquid is conveyed through 
two hundred and sixty-six miles of channels to 


inigate one million five hundred thousand 
acres in the Riverinia distiict 
The dam is two hundred and thirty-six feet 
high, one hundred and sixty-eight feet thick 
and seven hundred and eighty feet long It 
holds up the waters of the Murrumbidgee for 
a distance of loity-one miles, and of two other 
streams for fifteen and twenty-five miles 
lespectively 

DEVASTATION WROUGHT BY FLOODS 
Before w oi k w as commenced on the foundation 
of the dam, the stream was diverted down a nar- 
row but deep channel which the engineers had 
blasted through the rock alongside the ordinary 
channel Even then the work was so much 
hampered by floods that two years passed 
liefore the foundations were secured. On one 
occasion the flood waters carried a number 
of five- and ten-ton cranes fifty miles down- 
stream. The structure took five years to 
complete and cost £1,500,000. 

During the whole period of construction 
there were no strikes or trade disputes of any 
kind; and despite the extremely dangerous 
nature of the undertaking, there was no loss of 
life. This may not be unique, but it is certainly 
worthy of record. 

Another great Australian dam is the Hume, 
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on the Murray River, completed tn November, 
1936. It IS one hundred and fifty feet high, one 
mile long, and has a capacity of one million 
two hundred and filty thousand acre-feet of 
water, or twice that of the Sennar Dam, in the 
Sudan. (An acre-foot is the amount contained 
m an acre of water one loot deep.) The 
estimated total cost of the Hurne scheme is 
,(,'1 2,000,000 When completed it will bring 
three to lour million acres ol pastoial land 
under perennial cultivation. 

The United States is the land of great things, 
and v\e are not therefore surprised to find that 
her irrigation and water-tonsei-vation projects 
are more numeious and on a largei scale than 
those of any other country. Some ol them aie 
tiuly colossal. 

AMERICA’S T.V.A 

The Tennessee Valley Authority, popularly 
known as the T V A , was created in 1933 to 
carry out the tasks of controlling floods, im- 
proving navigation and generating electricit> 
in the watershed of the '1 ennessee River System, 
which has an area ol appiovimatelv loity 
thousand squaie miles '1 he rcrinessee Rivei 
Itself winds us way lor six bundled and fifty-two 
miles between Knoxville, Tennessee, where the 
Holston and French Broad Rivers meet, to 
Paducah, Kentucky, where it pours itstll into 
the Ohio. 

Before the T V A began its dain-huildmg 
operations the depth of the 'I'ennessee over 
long stretches of its lourse was between one 
and four feel, but when the T \' .A ’s present 
programme is completed there will be a 


navigable channel at least nine feet deep all 
the way from’ Knoxville to Paducah. Further, 
the raising of the level of the main river will 
considerably increase the depth of some of 
Its tributaries. 

HUGE POWER STATIONS 

The first dam to be jiut in hand by the T.V A., 
in October, 1933, was the Norris, on the 
Clinch River, twenty-five miles noith-by-west 
of Knoxville This riv'ci used at flood times to 
pour seventy-six thousand cubic feet ol water 
a second into the Tennessee I'hc Norris Dam 
forms a icservoir with two rmllion five hundied 
and sexty-seven thousand acre-feet capacity, 
and lowers the flood-crest on the 1 ennessee 
River, at a point about one hundred miles 
away, bv tour feet. Containing in Us stiucture 
one million cubic yards ol concrete, it h.is a 
crest-length ol one thousand eight hundied 
and sev'enty-lwo feet, a height ol two hundred 
and fiilv-three leet and a thickness of two 
hundred .itid ten leet .it us base 

'Fhe W heeler Dam, on the 1 ennessee River 
between Floitnci and Decatur, was begun 
alioiu a month altei the .Noms Its main 
objects ait the iiripiovemtnl ol navigation 
within the lange of its jjool and the control 
ol water lor a gieu hvdro-elec trie plant Fhe 
lattei began gcneiatmg tcncaiiis the end 
of 1936 

Its leseiv’oii has a total capacity ol one million 
and thiity thousand acre-ket and is capabh 
ol storing about five hundred thousand acir-feet 
ol flood water When completed, the liyclio- 
clecinc pl.iril will have eight main generating 



OPENING OF THE HUME DAM ON THE MURRAY RIVER 
This great Australian dam was completed in November, 1936. One mile long and one hundred and fiftv 
Jeet high, it has a capacity of one million two hundred ami fifty thousand acre-Jeet of watei . 
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units with a total capacity of three hundred 
and sixty thousand horse-power. 

About seventy miles below the Wheeler Dam, 
and two hundred and seventy miles from the 
junction of the Tennessee with the Ohio 
Riveis, IS the site of the Pickwick Landing 
Dam, work on which was commenced in March, 
1935 With an overall length of seven thousand 
seven hundred and fitteen feet, the dam will 
create a reservoir filty-three miles long and 
ivilh a capacity of one million and thirty-two 
thousand acre-feet It will also be of great 
benefit to navigation and enable two hundred 
and loui thousand kilowatts of electric energy 
lo be generated A kilowatt, it should be ex- 
plained, is ef|ual to one hundred watts , mechan- 
ical horse-powei is equal to seven hundied anrl 
loity-six of the latter. 

MAKING A RrYTlR NAVIGABLE 

'1 he (Junlersville Dam, about scventy-fi\e 
miles upsittaiii lioiii the Wheeler, is pnmaiil) 
d( signed to make the lenrussee navigabh 
lot a larlhei eighty-odd miles, but it will aKo 
prosidt water lor a Ipdio-elettiic scheme and 
be ol lonsiderable assislauci in fiiKiJ control 
With a length of three thousand nine hundred 
and eighty teel, it will have a (loocl-stoiage 
( apac ity ol tw'o liundicd and forty-two thoasand 
n 1 e-leet. 

DAMS FOR FLOOD CONTROL 

I'he othei dams now b< iiig constructed by 
the T V A an the C’.hickaiuawga and the 
Ihviassee The fiist, seven miles upsticani 
lioin Chattanooga, on the Icnnessee River, 
was begun in Januaiv, 193fi It is priiiiaiily 
loi Hood conliol, and will have a flood-stoi age 
( .ipacitv ol three hundied and thii tv-seven 
thousand arn-lret 

The Hiw asset Dam, begun in Julv, 193b, is 
on tlienvci ollhesime name, seventy-five miles 
bom Its lunction wath the 1 erinessee It will 
help control floods and also geneiate electiirity. 

Also on the renries.see River, at Florence, 
some little distance dow nstream from the 
Wheelet Dam, is the W'llsoii Darn, w hich was 
rornpleted in 1925, before the creation ol the 
TV A One mile long and one hundied and 
thirty-seven feet high, thiily-si\ inillion euliic 
leet of masonry wcie used in its eonsli iirtion 
I he lake it forms is eighteen miles long, and 
It improves navigation ovei an eighty-five mile 
stretch of the river. 

The Roo.sevelt Dam across the Salt River in 



NORRIS DAM POWF.R PLANT 
T7ie end of the peiiMoik whuh londucls water j turn 
Norm Lake to the tutbtnc',. 


Aiizona forms a lake, with a capacity ol five 
hundied million gallons ol watfr, which supplies 
walei to two hundied and thirteen thousand 
acicsol deseit land through nearly one thousand 
milts of ccmcnt-lincd canals Built m a deep 
mouniaiii goigc, stvtiiiy miles fiom Phoenix, 
the nearest town, it is one thousand one hundied 
and twenty-fiv'c fret long, two hundred and 
eightv leet high and one hundred and filty- 
cight leet thick 

BLTLT BY APACHE INDIANS 

Bcfoie construction could be comincnerd 
it was necessary to build a wagon-road acioss 
the deseit and through forty miles of desolate, 
mountainous country Tins load, like the 
clam itsell, was built largely by Apache Indians. 

Power lo opeiate the gieal excavating and 
cement-poui mg machines was obtained by 
setting up a hyciro-electi it plant about twenty 
tmlcs upstream lioin the site ol the dam. The 
boring of the five hunched leel long sluicing- 
tunncl whicli the plant called lor was attended 
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by many difficulties. A nse of only two feet 
in the level of the river was sufficient to 
flood the tunnel, and this occurred on three 
occasions. 

A number of hot springs were tapped and 
these caused great discomfort to the workers • 
they filled the workings with a suffocating 
vapour and caused the temperature to nse to 
one hundred and thirty degrees Fahrenheit 
This forced the men to work almost naked 
and to emerge for fresh air at short intervals 

CHUTE FOR LUMBER 

Work on the building ol the dam itself was 
also seriously impeded by floods The first 
coffer-dam erected, a colossal structure, was 
swept to destruction by the rising waters, 
and the second only narrowly escaped the 
same fate Consequently, the dam was not 
completed within three years, as had been 
planned it took five 

The Arrowrock Dam, a concrete structure 
one thousand one hundred feet long and three 
hundred and fifty-three feet high, on the Boise 
River in Idaho, is peculiar in that it is equipped 
with a device for handhng logs. A cable lilts 
the logs out of the reservoir and places them on 
a platform, whence they are mechanicallv 
moved to the entrance of a chute and shot 
down the nver One million feet of lumber 
can be handled in a day by this device 

WORLD’S GREATEST DAMS 

The Boulder Dam on the Colorado, which 
is, with the exception ol the Grand Coulee 
Dam, now undei construction, the gre.itest 
structure of its kind in the world, was completed 
in February, 1935, about loui and a half years 
after it had been begun. 

It has a four-fold purpose to prevent 
floods m the rich Imperial Valley, to obtain 
water for the irrigation of one million acres oi 
land, to supply thirteen cities of Southern 
California with w'ater; and to generate four 
thousand three hundred and thirty million 
kilowatt-hours of power every year The darn 
IS situated on the boundary between Nevada 
and Arizona, where the Colorado River flows 
between perpendicular gianite cliffs one 
thou-sand feet high The Coloiado is about 
one thousand seven hundred miles long and 
drains two hundred and fifty thousand square 
miles. 

The surrounding country is inhospitable in 
the extreme, and before work could be begun 


on the dam it was necessary to build a town 
in which to house the five thousand workers 
and their families. 

Boulder City, as this place is called, was not 
laid out in any haphazard manner, since after 
the completion of the dam it was to be in- 
habited by the one thousand five hundred men 
who would be employed on the maintenance 
of the structure and its subsidiaiy works It 
covcis an area of three hundred acres, has a 
one hundred and sixty-acie (arm, and a fully 
equipped hospital with thirty beds It was 
very unlike the early “ Wild-West ” mining- 
towns in that the sale of drugs and alcohol 
and the opening of gambling saloons were 
piohibited there w'hile the dam was being 
constructed 

TUNNELS TO DIVERT WATER 

To uncovet the nvci-bed foi the laying of 
the foundations, four diversion tunnels were 
driven through the cauy'ou walls, two on 
cither side of the goige F.ach tunnel was 
filty-six feet wide and .nboiit four thousand 
feet long Altogethei ihev necessitated the 
excavation oforie million five hundred thousand 
cubic feet of rock 'l\\o ol them aic now used 
.IS spillways 

The liver was diveited into the tunnels 
by tht fonstiiirtioii ol ,i gigaiuie wall of stone 
and eaith a shoit dist.iiiee downstii'am liom 
thcit mouths, and a similar batrage was elected 
a short distance upstieam Irom their exits 
to prevent the watei fiom surging backwards 
to flood the site of the darn 

THREE YEARS TO FILL LAKE 

The dam is out thousand one hunch ed and 
eighty leet long, seven hundred and twenty- 
seven feet high and si\ hundred and fifty fee t 
thick at its base ft eontams thie-e million 
foui hundred thousand cubic yaids of conciete, 
or sulhcient to build a sixteen-foot ro.id two 
thousand seven hundred miles long, and about 
thirty thousand Ions of reinforcing steel The 
reservoir it forms is one hundred and fifteen 
miles long and has .1 maximum depth of one 
thousand feet and a maximum wudth of forty 
miles. It holds enough water to cover the 
State of Connecticut, with an area of five 
thousand sejuare miles, to a depth of ten feet 
It took three years to fill and the weight of 
the water as it filled caused the earth to bend 
at that point. 

Above the dam are four intake towers, each 
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BLASTING OPERATIONS FOR THE BOULDER DAM 
Til Boulder Dam is on the boundary between Nevada and Arizona, where the Colorado River flows between 
gianite clifls one thousand feet high. It was necessary to build a town for the five thousand workers and 
their Jamilies. Boulder City, as it is called, covers an area of three hundred acres. 
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FACE OF THE BOULDER DAM 
A mass of steel and concrete over one thousand one 
hundred Jeet long and stx hundred feet thuh 


thiec, hundred and ninety feet high, through 
which \sater passes to the hydro-electiic 
station 111 the can\on walls below the dam 
There are fifteen 1 15,000-hoise-povicr turbines 
in the station, which has a total output of 
1,800,000 horse-power A large propoition of 
this energy will be conveyed to Los Angeles by 
transmission lines two hundred and seventy 
miles long 

BRINGING WATER TO HOLLYWOOD 

The acpieduct which will cairy water fioni 
the Colorado Rivet, one hundred and fifty 
miles below the Bouldci Dam, to a dozen or 
moie South Californian cities will, when com- 
pleted, be the greatest work of its kind in the 
world Estimated to cost the eiioimous sum 
of j(^60,000,000, It will daily carry one thousand 
million gallons of water over two hundred and 
fifty miles of desert and mountain Among 
the cities it will serve are Los Angeles and 
Hollywood, of cinema lame. 

The aqueduct is made up of ninety-tw'o 
miles of tunnels, fifty-five miles of (oiiciete 
conduits, sixty-three miles of concrete-lined 
canals, twenty-eight miles of syphons and three 
reservoirs. The tunnels and the conduits 


aie all sixteen feet in diameter. The purpose 
of the syphons is to carry the water over gullies 
and rivers 

It delivers its waters Into the Cajalco Reser- 
voir, whence one hundred and seventy-two 
miles of subsidiaiy tunnels and pipe-lines will 
convey it to consumers 

The first reservoir of the system is in the 
mountains two bundled and ninety-one feet 
alrove the level of the rivei, but the water is 
raised a faither one thousand thiec hundred 
and twenty-five feet befoie it begins to flow 
downhill 

Forty-one million cubic yards of material 
will have been excavated and five million 
cubic yaids of conciete laid before the project 



GOING UP TO WORK 
Workmen being transported from the Nevada rim 
of Black Canyon to the top oj Boulder Darn. 
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is completed. The cost in human life has 
been high between 1932, when operations 
were commenced, and 1937, when two-thirds 
of the work had been finished, no fewer than 
one hundred and fifty-five were killed. 

DREADFUL TOLL OF ACaDENTS 
One hundred weie killed in motor accidents 
on the mountain highways which had to lie 
eoristiueted to bring machineiy and supplies 
to the scene of operations, and the remainder 
in vaiious other ways To counterbalance this 
appalling casualty list, it is estimated that the 
aqueduct will make it possible for several 
million more people to gain a livelihood in 
Southern California 

The Crand Coulee Darn, now being con- 
struct! d on the Columbia River, will he the 
gieaiest inan-madc slructuic the woild has ever 
seen Estimated to cost the same amount as 
the Bouldci Dam, the pio|eri was begun in 
December 1935 at the instigation of Picsidcnt 
Franklin Roosevelt as a measure for the 
rcduetion ol iiiicniploy inent 

It will inigate an aiea as latge as Southern 



FROZEN TO PREVENT LANDSLIDE 
The freezing-pipes that the engineers drove into the 
bank of the Columbia River. 



PIPF-SECTION FOR BOULDER DAM 
The laigesl set lion of steel pipe ever made being 
manoeuvred into position at Boulder Dam. 


England, upon which some thirty thousand 
families wall be able to take up agriculture 
it will also, with Its eighteen gigantic hydro- 
clecliic generators, produce twice as much 
energy as the Dmeprostroi (Russia) and 
Niagara plants together 

Five hundred and fifty feet high, five hundred 
leet thick and one mile long, it will contain 
twenty-thiee million tons of concrete, or 
enough to build a thirty-foot road tight across 
the United States from New York to San 
Francisco The main reservoir will be about 
one hundred miles long with a surface area of 
eighty-two thousand acres, and two hundred 
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and eighty feet above it there will be a sub- 
sidiary reservoir twenty-eight miles long. 

The site is in a desolate part of the State oi 
Washington, far from the centres of population. 
To house the men engaged upon the work 
three distinct towns were called into being : 
the ,(,'300,000 Coulee City, in which live the 
supervising engineers , Mason City, which 
houses the foremen and their families , and 
Grand Coulee, in which five thousand of the 
ordinary workers live Grand Coulee, contain- 
ing shops, theatres, saloons and dance-halls, 
hums with activity day and night Accommo- 
dation in the boarding houses there costs 
about SIX shillings a day inclusive of meals. 

HIGH RATES OF PAY 

Half a crown an hour is the lowest rate of 
pay, while carpenters and other skilled men 
receive about si.\ shillings an hour 

Before work could be begun on the founda- 
tions of the dam it was necessary to lay bare 
part of the river-bed Operations were com- 
menced on the western bank, where a three- 
thousand-feet-long semicircular line of steel 
coffer-dams, stretching from the bank out into 
the stream and then back to the bank again 
was constructed Each of the coffer-dams 
had a diameter of fifty feet and was filled with 
earth and gravel excavated to make room for 
the dam. 

Sheltered by the coffer-dams, six thousand 
men started to blast with explosives and 


excavate with steam shovels to reach firm 
foundations. 

When the western end had been completed 
work was begun* in mid-stream. Gigantic 
dams were erected round a fifty-acre space 
which was then pumped free of water, so that 
the excavating and concrete-pouring machinery 
might be set going. 

STEMMING A LEAK 

One day, while the men were working on the 
unwatered bed of the river, a group of dam- 
cells gave way under the pressure oi the current 
and water poured into the section at the rate 
of forty thousand gallons a minute 

Every available man was rushed to the spot 
and working in two-hour shifts, all day and all 
night, the nver-fighting army battled with the 
waters The men weie earned to and fiorn 
their work in ten-ton c oncrete buckets suspended 
from the trestle-biidge which lan fiom side to 
side of the canyon hundreds of feet above the 
water. 

Frantic efforts were made to close the gap, 
while mammoth pumps gieedily sucked the 
hissing, foaming wateis back into the sticam 
again After many days of unceasing effort 
the river was still worming its way through, 
despite that enormous quantities of mateiial 
had been throun into the gap The inflow 
was finally stopped only after hundreds of 
tons of Dentonite, a substance which swtlh to 
fifteen time.s its ordinary size when moistened. 



NOW THE BED OF A HUGE RESERVOIR 

A train making a last trip over a line which is now burled seven hundred feet below the surface of Boulder 
Dam reservoir. The reservoir is one hundred and fifteen miles long, and has a width of forty miles. 
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had been poured into the cracks and fissures 
in the dam wall Unfortunately several lives 
were lost The cost of the break was 100,000 

Terrible disaster was threatened when one 
million cubic yards of earth and rock on the 
west bank began to slide down into the excava- 
tions It was ascertained that this immense 
mass of material was resting on a bed of watery 
clay, which afforded it a shmy path on which 
to slide After the foot of the slide had been 
blocked with a barrage of rock, tunnels hundreds 
of feet long were driven through the clay to 
allow the water to drain away. 

FREEZING A LANDSLIDE 

At a later stage in the operations a land- 
slide began on the left bank. It was descending 
at the late of two feet an hour, and at first the 
engineeis were baffled in their efforts to find 
a means of stopping it Finally m despair they 
decided to freere the slide Six miles of pipes 
weie driven through the earth. Into them was 
injected ice-cold brine, which froze the whole 
slide, and stopped its advance 

On the trestle-bridge mentioned above w'as 
placed a fifty-ton travelling crane with which 
to dump the concrete. 

The concrete was mixed in two houses, one 
on cither side of the rivci, by the world's 
hugest and most up-to-date mixing plants It 
was carried from these plants to the fifty-ton 
crane by a travelling chain of buckets 

I'he structure of the dam is honeycombed 
with thousands of pipes, the purpose of which is 
to cool the concrete As the concrete hardens 
great heat is generated inside the structure, 
and It is said that it would take one hundred 
and fifty years for it to cool naturally, but by 
passing icy water through the pipes the engineers 
are able to reduce the temperature to normal 
within a month. 

VAST SOVIET DAM 

The greatest dam in Europe is that of the 
Dnieper hydro-electric station, known as 
Dnicprostroi, in Russia. The construction of 
this power station has radically altered the 
whole economic life of a vast region What 
was bare steppe before 1931 is now dotted 
with scores of factories round which large 
towns have sprung up. All this because of the 
construction of a dam. 

1 he dam is about two thousand five hundred 
feet long and two hundred feet high, and it 
forms a lake ten miles wide. Vessels pass the 



ABOVE THE COLORADO RIVER 
Steel-nerved workmen drilling holes in the cliff-face 
above the Boulder Dam site. 
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dam by means of a huge lock system, consisting years of the completion of the dam a com- 
of three chambers, each three hundred and pletely new city. Greater Zaporozhic, with a 
ninety feet long and sixty feet wide. population of two hundred and fiity thousand. 

At the time of its construction this lock had come into existence, 
system was the largest of its kind in Europe The hydro-electric station supplies power 
Vessels can pass Irom the Upper Dnieper to to Zaporozhic and Dniepropetrovsk, and also 
the Lower Dnieper, or vice versa, in about to the works, factories and collective laims that 
forty minutes The first ship to pass through have sprung up on the banks of the river in 
the locks did so in May, 1 933 Within a few the ncighboui hood of the darn. 



BLASTING A PATH THROUGH A SWISS MOUNTAIN 
Dynamiting a two-mile tunnel through the Etzel Mountain The tunnel now contains pipes which conduct 
the River Sthl through the mountain to form a lake to ptovide electric power for factories. 




STUDYING HOW PESTS ARE INFLUENCED BY CLIMATE 
4 raearcli worker at the London Sihool <>/ /L\^iene and Tiopical Medicine using a hvgriinieter, an instrument 
which retoids the resistance of insci i pests to different c lunatic conditions ft was devised by Dr. P. A Buxton. 


AT WAR WITH NATURE 

I N the tenth chapter of the ltcx)k ot Exodus, did eat every herb of the land, and all the fruit 
It IS related how God brought a plague ol ol the trees which the hail had left ■ and there 
locusts upon Eg>'pt because Phaiaoh, in lemained not any green thing in the trees, 
spite ol previous dreadful scouiges, haidened oi in thi herbs of the field, through all the land 
his heart and persisted in holding the children of Egypt ” 

of Istael in bondage, and would not let them That happened, according to competent 
depart out ol the land authoiities, somewhere about KiOO bo. In 

“ And Moses ” — so the account runs — the summer ol 1937, or nearly three thousand 
“ sti etched foith his lod ovei the land of fiv'c hundred years later, the telegraph wires in 
Isgypt, and the Loid brought an east wind Cairo began to hum, and the lollowing urgent 
upon the land all that day, and all that night , message was huiriedly tapped out by an excited 
and when it was morning, the east wind opeiator 

brought the locusts. “ Priority . . . nomad locust sw'arrns leading 

“ And the locusts went up over all the land northwards Gull of Aqaba towards Sinai 
of Egypt, and rested in all the coasts of Egypt, region.” 

very grievous were they, belore them theie “ Priority ' ” The swarming of the locusts 
were no such locusts as they, neither after them remains today, as in the days of Moses, 
shall be such. an event that is dreaded by millions. One- 

“ For they covered the face of the whole third of the land aiea of the world is still 
earth, so that the land was darkened; and they sub]eci to invasion by these all-devouring 
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insects, and the losses they have caused during 
the past three or four years alone have to be 
calculated in millions of pounds sterling. 

But whereas the Pharaoh who oppressed the 
Israelites knew no remedy against the terrible 
winged plague save to beg Moses and Aaron 
to entreat the Lord to take it away — “ and the 
Lord turned a mighty west wind, which took 
away the locusts, and cast them into the Red 
Sea ” — today in Egypt a whole army springs 
into action immediately news arrives that 
these devastating insects arc on the wing. 

LIQUID FIRE AND POISON GAS 

In the areas where locusts are known to 
breed observers are stationed Directly they 
see signs of a swarm they telephone to district 
headquarters; the news is flashed to Cairo and 
from there relayed all over the country. 

The defence corps is mobilized and rushed 
to the scene of danger Aeroplanes roar into 


the air loaded with poison to spray on the 
advancing hordes. Ditches miles in length 
arc filled with oil and set ahght. Men armed 
with flame throwtrs and poison-gas cylinders 
are despatched swiftly to the “ front line ” to 
repel the invaders. 

FIGHTING LOCUSTS COSTS MILLIONS 

Money is poured out freely in this war against 
the locusts The Egyptian Cabinet voted 
;i{^20,000 as a result of the telegram quoted 
above. An unremitting campaign against 
invasion costs the South African Government 
,^2,000,000 a year. 

Huge though the latter sum sounds, it is a 
mere trifle compared with the losses incurred 
whenever a swarm of locusts wreaks its will upon 
a stretch of cultivated land It is no evaggera- 
tion to say that they literally strip a distiict 
of every blade of grass on the ground and every 
leaf on the trees. 



DEVOURERS of FIELD AND FOREST 

Enormous tosses are incurred whenever a swarm of locusts settles upon a stretch of cultivated land. They 
strip a district of every blade of grass and every leaf on the trees. 
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ATTACKING LOCUSTS WITH FLAME AND GAS 
fVhen a swarm of locusts is sighted men armed with flame ihioweis and poison-gas cylinders are despatched 
to repulse them Ditches miles in length are filled with oil and set alight 


This they do with incredible speed A Kenya 
farmer not so lout; atro saw iiinetv aeies ol 
maue uttcily consumed in twriity minutes — 
and that b) a small advance guard only ol a 
locust army 

ALL-DEVOURING INSECTS 
Locusts c.it almost aiiythuitr soil which 
contains moisture The story is told ol an 
Airtcan housewife who one moining hung out 
the family washing to dry An east wind 
brought the locusts — and when they had de- 
parted only the clothes line and the pegs 
remained. 

The onset of a swarm is terrifying The 
millions of people W'ho saw the film The 
Good Ea)th will long lememhcr the dramatic 
scene in which a swarm ol locusts is beaten off 
a Chinese farm. Similar scenes, though on 
a far larger scale, weie witnessed in South 
Africa in 19.34, w'hen huge tracts of land were 
laid waste by a procession of swarms, each 
fifteen to twenty square miles in area, which 
poured down upon the veldt. To beat them off 
gangs of men worked day and night until the 


stieets of the towns and villages were piled 
high w ith the corpses of the insects. 

These swarms wcie small An histone one 
w Inch crossed the Red Sea in 1 889 was estimated 
to be two thousand squaic miles in area One 
can well understand the unknown author of 
Exodus declaiing that the sw'arm which 
afflicted Egypt m the days of Moses covered 
the face of the whole earth,” for it is literally 
true that a locust army blots out the light of the 
sun and turns day into night 

“ LEGIONS OF DESTRUCTION ” 

For thousands of years man was virtually 
helpless before the onslaught of these hornfic 
insects Today, concerted measures are being 
taken all over the world to limit and ultimately 
to bring to an end their ravages. But much 
remains to be done 

The Biitish Empire is waging intensive 
warfare upon the locust In the Imperial 
Institute of Entomology at South Kensington 
in London, information of every kind concerning 
locusts is being gathered, and particularly 
about their breeding places and their migrations. 


350 


AT WAR WITH NATURE 


It is realized that if the onslaughts of what 
Mr Malcolm MacDonald, Secretary of Stale 
for the Dominions, has called “ those mighty 
legions ol destruction’' arc to be completely 
checked, the war against them must be rained 
to the haunts in which they liteed 

To some extent this has been done foi many 
years 'The locust lays its eggs in capsules which 
It buries )ust lielow the surface of the ground, 
and some gove: ninerits offei lewards of so much 
ptr thousand loi capsules In Cyprus in 1881 
thirteen hundred tons oi capsules were collected 
and destroyed 

But this method has not yet been carried out 
on a sufficiently laige scale, nor are the breeding 
grounds ol locusts sufficiently well know'ii 
The why and the whcicfore of swarming and 
migration is also still a relatively unknown 
sulgect, though one into which intensive 
researches are being vigorously pursued in 
many qiiaiteis 

The voung of the locust are comparatively 
easy to tackle IVhen it is hatclied lioin the 
egg the locust is wingless, and is known as a 
“hopper,’’ bccausi it hops in great flcnks 
across countrv', devouring the vegetation as n 
goes It IS as devastating as its parents 



SPUN BY CATERPILLARS 
Willow trees stripped bv caterpillars The pests 
covered ground and foliage with webs 


Fortunately for the farmer, the hopper, once 
started on its career, is unable to stop hopping. 
When Us body touches ground an automatic 
impulse is sent thiough the neivous system to 
the back legs, which kick out and so send the 
hoppei hurling through the air again This 
goes on continuously throughout the day until 
the cool of evening slows down the mechanism, 
or the hopper falls into some hole out of which 
It cannot hop 

Farmers dig deep ditches acioss the path 
of the hoppei, or push across their land a 
specially designed vtliicle with a icceiver all 
along Its Joremost edge The hopper falls into 
the ditch OI hops into llic icccivct , and its end 
IS to be used as Icrtih/ci or chicken lood. 

RA\'AGES OF GRASSHOPPERS 

A near iciativc of the locust is the grass- 
hopper, which IS also capable oi making itsell 
an intolciablc pcsl to the faiinci 

The United .States h.is sulleied badly liom 
Its lavages In 1931 a pl.igiic of giasshop|xis 
dcstioved in Ncbiaska and South Dakota aloiic 
more than tliice-ciu.ii tcis oi the crops slancling 
on four million eight hundted thousand acres, 
thus ( .utsing thsastci ovi i an aiea oi seventeen 
thonsanrl sejuarc nnics 

In 1932 the ui.isshopptrs came again, and 
111 1933 they wioiight such leailul havoc on a 
bunipci wheat crop th.it puces on the stock 
cxchaiigts and m the woild-lamous Chicago 
whc.il pit writ- sciionsK affcriccl 

The Anicncan larmcis loiight the pkigiie 
l)\ spreading pensoned hr.nn mash on then 
fields In places stacks six to eight feel high ol 
dead grasshoppcis weu collected 

A WEL1,-PI ANNED CAMPAIGN 

The sloiy ol how the 1937 grasshopper 
invasion was repelled in the great “ I)nst 
Bowl " of Colorado makes epic reading The 
stoiv begins in the autumn of 1936, when the 
state entomologist discoveied that this distiict 
was infested with eggs of the migiatory grass- 
hoppei This type of giasshopper i.s feared 
more than any other, for it ran fly for miles, 
and so is capatile of destruction over a very 
wide aiea 

But for the first ten days to a fortnight after 
Its biith it IS wingless, and though intensely 
destructive — it will eat anything from gateposts 
to the hair on cattle — it can only travel about 
two miles a day. 

Knowing that the grasshoppers would hatch 
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CHI MICAL WARFARE ON ORCHARD PESTS 
Women ipiaying apple tieei with a solution of caiisiu soda and sulphite of copper This is done in the 
earh spnng to prevent the sptcad of the many pests that prey on apples 


out in June, I <137, the state authorities s[)ent 
the \\ intei and s|tnn(r making plans and cnliMing 
help When zero hour came, an aimy ol twenU 
thousand men, including the National (lu.ird 
on a war (noting, was mobilized to repel a host 
numbeting thousands oi millions. 

FOUGHT WITH SAWDUST 

The grasshopper invasion began From the 
undci ground, heimctically-sealcd nests m which 
the lemale lays her eggs — seventy to ninety ol 
them in a nest — ri awled forth the mlant hoppers, 
m such numliers that in the ten-square-mile 
aiea in which the eggs had been laid there weie 
twenty-five hoppers to the scjuaie toot, oi 
approximately seven thousand million of them 

Various methods, some successful, others not, 
were employed against this countless host 
which moved ovei the ground like a living 
stream, erasing trom it everything edible. I'he 
mam weapon was poison. 

“ Our work,” said the general officer com- 
manding the human aimy, “was ninety-nine 


per cent transporting sawdust ” To combat 
such a colossal invasion, bran mash, hitherto 
used as the medium lor poison bait, was 
altogether too expensive, but m the National 
Forests were miniature, mountains ol sawdust 
to be had loi the taking. Convoys ol large 
lorries were made up, until as many as one 
hundred and twenty-five a day were hauling 
sawdust Irom the iorests to the poison mixing 
plants, and from the plants to the “ front.” 

POISON BY THE TON 

Though the lorries weic doing five hundred 
miles a day, the supply of poison piovcd in- 
adequate, so the lailways were called in 
Sawdust was despatched by tramloads from 
the forests to the mixing plants, while the road 
Iranspoit rushed the sacks of bail to the scene 
of action The mixture used was four sacks of 
sawdust to hall a sack ol bran with two gallons 
ol sodium arsenite, eight ounces of amyl 
acetate, two gallons of molasses and fifteen 
gallons of water. 
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Every device was employed to speed up the 
work; the lorries were loaded by a steam 
shovel and a mechanical poison spreader was 
invented that could throw more bait than 
twenty men Over four hundred of these 
spreaders were used. Meanwhile farmers and 
others aided the work of destruction by methods 
of their own. 

Scores of “ hopper dozers ” were built 
This device consists of a sheet of metal drawn 
across a field by a ti actor, car or team of 
horses to skim the hoppers from the crop into 
a pan of oil One farmer built a harvester 
which by means of a revolving paddle wheel 
swept the insects down a funnel into a sack 
The sacks of suffocated hoppers were later 
used as chicken and turkey feed Thus some 
profit at least was reaped from this terrible 
visitation 

Other people ploughed deep furrows across 
their land, into which the hoppers tumbled in 
thousands, to be sprayed with oil and set alight. 

The slaughter was terrific Experts estimated 
that twenty-five thousand million grasshoppers 
were destroyed. In places the roads became 



ANNIHILATING A BEETLE 
Injecting carbon disulphide by syringe into ground 
inhabited by the deadly Colorado beetle. 


morasses of lorry-crushed insects, and mum 
of the Dust Bow'l was rendeicd uninhabitable 
because of the frightful stench ol the decom- 
posing insects. People had to move miles from 
their homes. 

In spite of all that was done, some of the 
hopper host survived, grew' wings and flew 
aw'ay to wreak havoc elsewhere One batch 
reached the grassy ranges ol the Huerfano 
Valley, seventy-five miles away, and settled 
upon the vegetation there until pursued by 
the poison-laying army One matked grass- 
hoppei actually reached Denver, two hundred 
and twenty-five miles distant from its bn thplace 
This IS as yet the longest recorded flight, but 
five states reported other matked grasshoppers. 

HAVOC AMONG THE VINEYARDS 

The war goes on The 1937 campaign saved 
Colorado millions of dollars, but in spite ol its 
brilliant success a sullicient iiunibti ol insects 
survived to lay enough eggs to threaten a 
similar plague in 1938. Unless those eggs aie 
destroyed, cither by cold, lam oi other n.itural 
agencies, oi by intcnsise ploughing, during 
autumn and winter, the campaign will have 
to lie begun all o\ei again 
Fiance also dieads the grasshopper, which 
loi many yiais has wrought ha\oc llieie among 
the vinevaids and field tiops Reiently a 
simple but irinaikable terhiiKiue has been 
adopted to bial oil this pl.igue 

Grasshoppers, as the pe.isant laimei m Fiance 
has long known, hate noise Foitneily tlielariner 
and his labourers used to niareh about the 
vineyards and fields beating sheets of tin 
Today the farmer instals a Iniidsptaker in the 
centre ol liis crop and switches on the radio 

BRASS BANDS SHOCK CATERPILLARS 

“ What sort ol stuff do you broadcast ’ ” a 
French iariner was asked “ Oh,” he icplied, 
” we just switch on to the normal programme 
and find this efficient ” 

A somewhat similar method was tried out 
in England duiuig the great caterpillai plague 
of 1937 which ravaged the Waveney Valley m 
Suffolk and caused widespicad damage in 
Perthshiie and Stirlingshire 
The Lowestolt Military Band went to the 
Waveney Valley and played there for tw'O hours 
in the hope of dislodging the catei pillar host. 
The experiment was not altogethei successful, 
for although thousands of caterpillais fell from 
the trees to the ground at the sound of the 
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brass instruments, thousands more did not move 

No method proved successful in coping with 
this particular plague. Some farmers put salt 
on their land, others burnt large stretches of 
grass, but still the army of caterpillars moved 
steadily on, at the rate of about a mile a day, 
until pupation — the turning of a caterpillar 
into a chrysalis — set in and effectually arrested 
the march 

It was stated in the House of Commons that 
plagues of caterpillars invariably followed upion 
seasons m which snow had lain upon the hills 
until late spring or early summer. Such 
natuial causes aie responsible for most plagues 
of |K\stilerous insects and animals, but not by 
any means for all. 

PATH OF THE COLORADO BEETI.E 

Man by developing agriculture in hitherto 
uncultivated aieos fietiucntly upsets the 
“ balance of power ” which exists in the 
.uiiinal woild and presents any particular 
oigaiiism Irom becoming a pest The story 
ol the Colorado lieetle is insli active 

Lattle more than a centuiy ago this beetle, 
which somewhat resembles the ladybiid, was 
knovvii only to specialist entomologists It 
lived in the Rockv .Mountains of Noiih America, 
whithei eollectors tiavellccl from huge distances 
aw as to obtain specimens Labelled Lrpltuolarsa 
dnemhufata, it occupied a place of honour 
in the successlul “ bug-huntei’s ” mahogany 
i.ibiiiel, and was reckoned one ol the gems of 
his collection 

CULTIVATED POTATOES PREFERRED 

But the liaidy pioneers who w’ere then 
lapidly opening up the Ameiicati prairies 
weie mainly of Northern European stock, and 
.is ifiey settled on then clearings they naluially 
jslanted crops of their favourite vegetable, the 
potato 

Nothing could have better pleased the 
(V)lorado beetle His native food consisted of 
wild plants of the potato genus, but when 
cuilivatc'd potatoes reached the Rockies he 
lound these so much more to his taste thai he 
lell the mountains, descended to the plains, and 
living m luxury upion this new and appetizing 
food, increased prodigiously in numbers. 

So a new plague was let loose upon mankind. 
The Colorado beetle spread eastward across 
the prairie, ravaging the potato crops every- 
where as It went. No obstacle seemeci capable 
of arresting its progress ; it crossed the Mississippi 

M M — M 



FROST-CONTROL IN ORCHARDS 
A machine which protecn ten acie', of orchard from 
frost by laising the temperature. 


River m 1864, was m Ohio by 1869 and five 
years latci had penetrated to the Atlantic coast 
Euiopc grew' alarmed Would even the 
Atlantic pi live a banier against this deadly 
advance^ Ten European countries passed 
laws forbidding the importation of American 
potatoes All was ot no avail, by 1877 the 
Colorado beetle had landed m Europe. 

For many years, thanks to the strictest 
“ poJiemg,” it was held at bay In 1901 it 
apjieared m England at Tilbury, the Govern- 
ment immediately introduced the Diseases 
and Insect Pests Act, and by the use of drastic 
measures drove out the beetle 

In 1920 the Goloiado beetle turned up 
again in France, having been imported, so it is 
believed, with rations supplied to the American 
Expeditionary Force. This time it consolidated 
its position, and started out on a campaign of 
years of intensive damage, culminating in 1929 
in the destruction of two million five hundred 
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and ten thousand hundredweights of potatoes. 
This disaster cost France ;(^1,(X)0,000 and almost 
ruined her potato export industry. 

Four years later the beetle was again reported 
at Tilbury. The Government promptly issued 
the Colorado Beetle Order, isolated the infected 
area, and again stamped out the plague 
Today England is fully prepared to meet any 
invasion of the beetle, whose picture, with a 
description, is posted at police stations and 
county offices throughout the country 

If America gave Europe the Coloi ado beetle, 
Europe gave America the deadly corn-borer 
It ranks with the spruce fly, the grasshopper and 
the cotton boll-weevil among the major insect 
pests which afflict that continent, and which 
arc said to cost the United States ,(^80,000,000 
a year and Canada ,(^20,000,(li0 
The cotton boll-weevil alone causes annually 
10,000,000 of damage in the cotton fields of 
the United States. This minute creature, only 
about ^-inch long when full grown, is said to 
be the world’s most destructive insect 
It was unknown in the United States before 
1892. In that year or the next it entered 
Texas from Mexico, and in less than half a 
century has spread over almost the entire 



TESTING MINERS’ GAS-MASKS 
Ai the Research Station, Harpur Hit/, Buxton. The 
masks are for protection against “ after-damp ” 


cotton-growing area. Its rate of progress has 
at times been terrifying; in 1904 it extended 
Its operations over fifteen thousand square 
miles of hitherto, uninfected territory, and in 
1906 it marched sixty miles north during a 
single season 

No certain means of destroying this insidious 
pest has yet been discovered, but in the fight 
against it scientists are employing a method 
which today is proving increasingly successful 
in the war on insect and other pests This is 
what IS called biological control, which means 
in plain language setting one oiganism to eat 
up another. 

METHOD OF BlOLOGICAl, CONTROL 

It IS a method whicli in a ciude form has 
been known lor many ycais, it is also one 
which, unless used with scientific care, can 
prove a double-edged weapon Many yeais 
ago rabbits were introduced into Austialia to 
keep down certain noxious weeds 'I hey did 
their )ob all light, but for long enough now 
Australia has been desperately stiiving to find 
some means of keeping down the rabbits, which 
today are an unmitigated pest 

House-spat lows were I’xporlccl to New York 
in 1850 to kee]i dow n insects J’hey now abound 
over the entiie continent and are reckoned 
a serious pest .Starlings, introduced to New 
York some twentv-live yeais later, ate well 
on the vs ay to pioviding a sitnilai problem. 

PARASITES TO EAT UP PESTS 
Needless to say, biological contiol is not 
being practised lodav in any such hapha/.ird 
fashion Foi the British Empire ihere is a 
“ brain-centic ” of the campaign at Farnham 
Royal in Buckinghamshire Fiorri the laboiu- 
torics of the Imperial Institute of Entomology, 
housed there, over thnty-thrce million parasites 
hav'e been de.spalchcd during the past do/en 
years to cat up the pests that were ruining 
farmeis 

One of the fitst experiments in the use of 
biological control against insects pioved a 
remaikable success T’he insect vanquished 
in this instance was the “ cottony cushion ” 
scale, which was causing great destruction 
among the orange groves of California 

It was kriow'n that the scale came originally 
from Australia, so scientists sailed to that 
continent to discov’cr how it was kept under 
control in its native haunts. They found that 
it was kept in check by a small beetle. 
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The beetle was collected in numbers, trans- 
ported to California and there bred under 
special conditions until a sufficiently large 
host was available to turn loose in the orange 
groves 

The effect was almost magical. The number 
of scale insects, both lull grown and larva;, 
was immediately much reduced, and within 
a sliort time the ravages of the pest were held 
in check 

Unlortunately the imported beetles, did not 
establish themselves in Calilornia, so the scale 
menace has not been entirely removed When- 
ever it threatens, a fresh supply of beetles 
has to be bied. 

SHIPPED IN ITS NATIVE TREES 

Another instance of the use of rh's weapon 
was even mote successliil Farmers in Fip 
applied tor help against a pest th.il w’as ruining 
their Clops A parasite that would do the job 
was lound m Java, and shipped to Fip by the 
million, being transported in the tiees in which 
It made its home 

Hundreds ol trees were dug up for this piece 
of rescue work, but the cost was well worth it 
The pest was eliminated within twclv'e months 

In the spring of 1938 the Farnham Royal 
laboratories despatched to Canada ovei fifty 
thousand cocoons containing paiasites to 
destroy the wheat-stem s.iwflv, wdiieh causrs 
immense havoc there among the cornfields 

Men collected irom w heat fields m Cambridge- 
shire piles of wheat stubble cont.aming parasites, 
and five women were occupied lor lour months 
suiting out, counting and packing the cocoons 
m tins. 

TOADS TO THE RESCUE 

Anothei sawfly which not so long ago 
threatened the wholesale destruction of forests 
m Fiastern Canada was checked by a small 
fly that lives in C.iechoslovakia Large quanti- 
ties of this fly were sent across the Atlantic, 
allowed to bleed in incubators, and then let 
loose in the forests. 

It is not always parasitical insects which 
are used in biological control In Decemlier 
1937, a consignment of giant .South American 
toads left Gieat Britain for Mauritius, there 
to eat up the sugar-cane parasite Phypalus 
Srnithi. They were expected to exterminate it 
in two or three years. 

From the Cheshunt Experimental Station 
near London, millions of small wasps have been 



CONTROLLING FOG AND FROST 
An elect rod) oine lower which discharges negative 
lunents into the atmosphere to preient Jog andjrost. 


sent dll over the world to war upon the white 
fly which is the bane of tomato growers, 

Qiieen ol all pest destroyers is the familiar 
little ladybird, who seems to have a highly 
cultivated tiste for almost any variety of noxious 
insect. She will dcvoui every single greenfly 
to be found on a pl.nu, and for that reason is 
being used to save that valuable timber tree 
I he Douglas fir, which is a particular prey of 
this pernicious pest 

Orange groves too arc being piescrved by 
the ladybird, which is now being bred m huge 
quantities in spernd factories called insectanes 
Factories are also established for the breeding 
ol a mite which devours the deadly flea that is 
responsible for the destruction of entire crops 
of clover in Australia 

Snails have become an intolerable plague in 
Australia, so fireflies, w’hich have a keen 
appetite for small snails, are being exported 
from Britain to deal with this menace 

So the war goes on The Rothamsted 
Experimental Station, and the Stored Products 
Research Laboratory at Slough are other 
institutions which aie doing sterling work m 
combating insect and other pests. 

A method of attack which has been used 
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with some success against that most terrible 
of all animal pests, the rat, is that of inoculation 
with disease 

Most people are vaguely aware that the rat 
is one of the most formidable foes of mankind, 
but few have any idea of the extent of its 
depredations. That it spreads disease is well 
known; the fearful plagues which thioughout 
the Middle Ages devastated Europe have been 
traced to its flea-carrying propensities, and 
by polluting water, contaminating food and 
spreading disease germs it still causes epidemics, 
though modern scientific vigilance has iii 
civilized countries reduced the mcidence of 
these to a rnimmum 

DESCENDANTS BY THE MILLION 

Farmers and stock rearers all over the world 
dread rats, though they do singularly little to 
keep their numbers down. Rats will eat almost 
anything Every year they consume and destroy 
milhoris of pounds’ worth of grain 

It has been estimated that every rat eats 


ten shillings’ worth of food in a year and 
destroys or damages several times that amount 
of food and property. As a single pair of rats 
IS capable of producing three hundred and fifty 
million descendants in three years, only a 
stem fight can keep their numbers down. 

HAVOC IN FLOUR MILLS 

Figures appear to show that, thanks to all 
the campaigns waged against him the rat is 
steadily declining in numbers But it will be 
a long time before he finally disappears 

Few people probably realize how much 
damage is annually done to foodsiufls during 
storage in warehouses Insects and mould 
(which IS often carried by insect pests) arc said 
to cause a loss of forty shillings per hundicd- 
weight to good quality raw cocoa every two 
months it is kept in store. 

The dried fruit industry suffers severely, 
one section of the British Empiie alone losing 
annually more than ^Tl 5,000 In 1020-1030 
the moth Ephtilia Jiutelln, which first attacked 



HUNTING OUT THE DEATH-WATCH BEETLE 
In the roof of St Mary-le-Port Church, one of the oldest ecclesiastical buildings in Bristol “ City of 
Churches. (Right) fVorker Ingas mask sprays timber with poisonous fimd (Left) Cutting away damaged beams. 
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WORKING TO REDUCr CO-^L-MINE CASUAITIES 
The tube iepreseiii\ a mine slui/l It is hei/n; haded wnh coal-dust whiih will he deliberately exploded 
so that the hunu-out dust, known as " ajtcr-damp," mai he anahsed 


>iovod tol).ic<’o in Rnssia in 1*115, cdust-d 
100,000 ol d iinat'f in Biitisli tobacco waie- 
lioiisos 

I'licrc an- several s[jerirs of Epheslia, all 
jieslilenlial 1 he larvtr of the Meditei- 
laut.ni I loin Moth cause ^leal haioc ni 
flout mills Another species causes thousands 
ol |)ouiids' wot th of dainai^e eveiv year to 
lined flints in warehouses This last was 
leeently laekled by an ingenious method 

DEATH HAY TO KILL WEEVILS 
It had been obseived that this moth feeds 
at night, and at dawn flies uj> to the rixil, 
where it lodges during the day m cracks and 
crannies. So apparatus was designed which 
in the late evening blew out floods of py rethrum 
spiay from the roof And that, so we are told, 
was the end of Epheslia. 

Another ingenious device for wiping out 
weevils in stored grain is the “ death ray,” 
invented by Dr C. G Lemon of the Bacterio- 
logical and Pathological Sections of the Radio 
Society of Great Britain. 


This apparatus ” boinbauK ” silos eontammg 
gram with shoit-wavc ladio It tan desliov 
all the weevils together with then larva* and 
eggs 111 ten tons of grain m one houi, using 
otilv one and a hall units ol electiiciti 

TEN YEARS TO STAMP OUT PEST 

ITie lampaign to disliov the laige pine 
weevil deserves special nienlion, lor il cosi 
ten yeais ol leseatih rousts an pailunlarh 
dilhcull to rlear ol pests unless a guaiaiileid 
system ol biological control can be evolved 
Trees are loo tall to be clTec tivelv spravoci 
with insecticide Irom the ground, and usually 
too close together lor spraying liom aeioplanes 

Pines arc grown for cornmcicial purposes 
in large plantations Wlieu the trees are tall 
enough the entii c plantation is Iclled and 
a new crop planted 

The pine weevil used to assert itself in the 
young plantations .is soon as the new trees 
were in the ground, hav'ing lurked m the 
dead stumps of the old crop and other decaying 
timfier. 
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Creosote was applied to the stump of the old 
trees to prevent the weevils from laying eggs; 
the young trees were sprayed with insecticide, 
and parasites that prey upon the weevil were 
introduced into the woods. All these methods 
proved of little avail, the weevils remained in 
almost undiminished numbers. 

FINDING THE BEST METHOD 

When His Maiesty’s Forestry Commission 
set to work upon the problem, it was known 
that one way of catching the insect was by 
means of baits of fresh pine sawdust or pil^s of 
bark. Yet even this method seemed to be of 
little use 

It took years of research to determine what 
time w.as best to lav these baits. Investigations 
proved that the numbers of the weevils showed 
a large increase after the felling of a crop, 
due to the fact that there were plenty of dead 
tree stumps in which the insects could breed. 

So at first traps were laid directly after 
felling '1 his reduced the number of insects 
but did not exterminate them. Far better 
results were olitained when the traps weic laid 
before felling 

Before the trees are cut down the insects 
are relatively few, and when their numbers 
are depleted by trapping the ground is almost 
free when the forester swings his axe As a 
result, a new crop may be planted and left 
to grow for several years without senous iisk 
of damage by weevils 


Pests still cost the Empire every year the 
colossal sum of ,{^300,000,000 India’s loss 
alone is calculated — by Government officials — 
at 130,000,000. And that figure takes no 
account of scourges such as the anopheles 
mosquito, the yellow fever bug, and the tsetse 
fly, which prey on men and beasts It refers 
only to damage done to food, crops and timlier. 

At present the United States of America 
leads the way in the fight for man’s food supply 
against the hordes of the insect world. Congress 
votes annually about two million five hundred 
thousand dollars fabout ;{]500,000j to the 
Bureau of Entomology maint.iincd liy the 
Federal Department of Agriculture. 

SCIENTISTS ON THE SPOT 

The Bureau has a staff of over four hundred 
trained entomologists. VMiencver an uigcnt 
pest problem presents itself scientists .ue sent 
to the spot Field laboratories are est iblisliecl 
in the arc.is best suited foi inv'estigation, and 
each of these laboratories is kept in constaiii 
touch with the headquarters of the Buieau in 
Washington 

Men are at v\ar with Nature in many othei 
w'ays 7’hev b.ittle with hei when tliev blast 
tunnels, dam riveis and mine coal Not the 
least tmpoil.uit phase of nsearch in ronnectiou 
with lh( last-mentioned is that roneeining 
the dangerous gas known as '■ afiei -damp ” 
Much is alrc.idv known about it but iiinie 
remains to be discovtred 



AFTER AN EXPLOSION OF COAL-DUST 

Two men intently watching the explosion of coal-dust “ After-damp " n a highly dangerous gas. 
More deaths are caused m mines by it than by explosions. 




JUNK AWAITING TRANSPORT AND THE MELTING POT 
of junk hike’ll Jrom old moloi cari The maleiiai i? piled high on the docks al Los Angeles, U S.A , 
icady to be loaded jor shipment to Japan, where it is melted down, to appear again in vaiious guises 


WEALTH FROM WASTE 

O NE of the most rcmaikahle features of Birminghain has tackled the problem of 
tilts age ofscieiiUfic marvels is the way waste so efliciently that she converts part of 
in whirli things once regarded as waste her refuse into electric power wherewith to 
are being made use of and turned into sources drive the lorries that collect the lefuse m the 
ofwialth T he tei m “ waste ” is an exceedingly first place Other paits of it supply valuable 
elastic one In actual lact waste is not waste fertilizers to encourage the growth of flowers 
if vou do not want to waste it ' “ Waste” or and vegetables in her gardens It is literally 
‘ lubliish ” 01 “junk ” IS only matter in the true that none of her waste is wasted 
wiong place The salvage vehicles carry their loads to 

1 he modern attitude to waste was stiikingly a “ iactorv ” 1 here the relusc is first 5ub)ected 
demonslrated duiiiig the hearing of a case in to a foi ced-draught treatment by which all 
the Clhancery Div'ision in March, 1931. Prepar- the dust is removed and placed in tubs, icady 
atorv to giving Ins evidence, a witness described to be taken away and dumped on marshy land 
himself as the “ general manager of the sal- where it will help to form magnificent 
vaging department of the City of Birmingham,” grass land 

explaining that this department w'as really the The residue of the refuse then passes under 
cleansing depaitment. When Mr Justice giant electro-magnets whith extract all the 
Bennett inquired w'hy he used the former iron and steel it contains Tin i ans, bedsteads, 
term, he said it was “ Because we salvage razor blades and bits of bicvcles aie among 
anything of value from the city refuse, to the the objects most commonly found They arc 
extent of ;^'60,000 per year.” conveyed to foundries where they are melted 
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down preparatory to being moulded anew in 
different shape 

In the course of further sorting processes, 
rags, paper, false teeth, gramophone records 
and countless other articles and substances are 
salvaged Some of these, such as banana skins 
and bones, yield valuable fertilizers What 
remains when the sorting Ls over is used as 
luci m the luinaces of the electric power house 
where are chaiged the accumulators that 
supply motive power to the department’s 
Ionics Even the slag liom the furnaces is made 
to serve a useful purpose it is converted into 
first-class paving blocks 

In one ycai Birmingham extracted from its 
refuse fertilizers worth £1 0(10, grease worth 
/J4,000, clinker worth ,{^3,500 and vaitous 
articles taken direct from dustbins worth 
XI (.,000 

laical authonties in England and Wales 
expend X^^i000,000 annually on collecting 
and disposing of the same number of tons of 
house leluse, 3,(KK),000 tons of street rubbish 
and 1 fK)0,0(X) tons of tiade refuse It has been 
calcuhited that London thiows away 2,000,000 
tons ol lefuse, worth perhaps X^50,000, every 
year. 

Birmingham was among the first English 
cities to treat waste scientifically, hci success 



MAGNETIC SEPARATING MACHINE 
Metal refuse is separated from other rubbish and 
deposited in a neat pile. 


has encouraged many others to imitate her. 

Another notable pioneer in this matter 
is Bradford At one time the grease from 
the large quantities ol wool scoured there 
caused difficulties *m treating the sew'age. 
Now the grease is scientifically extracted at 
Esholt Sewage Works and turned into a 
marketable commodity which has realized no 
less than XI >334,000 within twenty-seven years 
of the inauguration of the pi ocess The Sewage 
Works contain fifty-three acres ol filter beds 
and cost over X2, 300,000. 

SEWAGE NO LONGER A NUISANCE 
Sewage itself has ceased to be reg.irdcd 
merely as a nuisance In certain paits ol 
England valuable manure is ixmg inadt from 
It, while in America experiments h.ivi proved 
the possibility ol using the gas given oil by 
sewage lor developing power in internal 
combustion engines 

At the Sugar Creek Plant, Charlotte, Noith 
Carolina, the gas is collected in the chambers ol 
digestion tanks, and after having been )).issed 
thiough a meter is stored in a gas lioldci 
During the first ve.ii ol operation ovei loin 
hundred thousand cubic leer ol gas weic 
extracted from iimclv million g.illoiis ol sew.ige 
III the course ol one month This amount 
produced about lwcnL\-hv( thous.ind kilowatt 
hours of powir 

The gas is .ibout seventv per cent mrliiane 
and hums in a Bunsen buinci with .in alrnosl 
colourless but very hot flame It r.oii be used 
in ordinary petiol engines with the i ai burettois 
removed and a gas-pipt inseited into the 
manilold leading to the cylinders, 

SALVAGE IN A SCOTTISH CITY 
Some lime ago the expeiimenl of burning 
sewer gas in the steam-lie.iUng pl.nnt ol a 
building in Plainfield, New Jersey, was made 
It was found that a unilorrn tc*mpcrdture ol 
seventy dcgites could be maintained and th.it 
the heating pow'cr was filty per cent greater 
than that of manuLictiircd gas. Moreover the 
arduous labour of slokmg coal and removing 
ashes w'as entirely eliminated 
The Scots have not been slow to realize the 
value of waste In Aberdeen, during one year, 
over twelve thousand tons of refuse were treated 
by a newly-installed separation plant Among 
the products salvaged were fine dust, five 
thousand three hundred and two tons ; cinders, 
one thousand and ninety-one tons; tins, three 
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OLD MOTOR TYRFS RENDER USEFUL SERVICE 
Farm Markers in France celling file lo old molar lvre\, which melt and make a smooth surface for paths 
and at the same time kill insect pests with their pungent fumes 


hundred and twenty-nine tons, metals of 
various sons, thirty tons, as vsell as rnori than 
one lliousand eiglit hundred bedsteads and 
tvv( tuy thousand bottles T hey ieali/,cd over 
^800 

In the course of the same twelve months 
neailv 2'),000 worth of < Ic < tne ity was pioduced 
.U (rovan Refuse Woiks, and in 1934-1935 
electricity equivalent to the pioduction of 
thirty-one thousand tons of eoal was geneialed 
liom leluse in (Jlasgow, while in August, 1934, 
(ilasgow (j.js (lornrnittee stated tliat five 
th ousand g.illous of chemical wash, up till 
then run oH .is waste, had been converted into 
btii/ol fluid which was sold at 2s 3d a gallon 

While on tlie subject of fuel fiom waste it is 
worth noting th.it it h.ns been estimated that 
/, 1 ,500, (){)() woitli of good fuel is put into dust- 
bins by the householdeis of England every year 

RARE METALS IN SOOT 

Not only does wealth go into English dustbins 
It also gix's up English chimneys At the 
Government’s Chemical Research Laboratory 
at Teddiiigton it was discovered that industrial 
flue soot contains rare metals, among which is 
gallium, a very valuable substance, the English 
supplies of which were measured in ounces in 
1936. It IS used in the photo-electric cells of 


television apparatus and in higli-temperature 
thci rnometers It is said tli ii ,^'1,000,000 
worth of gallium is being wasted in ash .ind soot 
eveiv veai Another metal that can be obt.iined 
from soot is germanium, of whith there is a 
shoitage in medical laboratones. 

DRINKING WATER FROM OIL 

A more comirion medical subst.mce, iodine, 
IS now being obtained from the water found in 
Califortuari oil wells, and which has up till 
icceiitlv been regarded as useless 

We know that oil and water do not mix, 
but by a paradox the oil-waste fiom ships has 
been made to yield water pure enough for human 
consumption Oil-wastc is usually discharged 
into the sea, where it li equentl'y leads to a great 
loss ot life among marine birds and fishes 
But some years ago, Mr A E. Ridlev a 
Llanelly engineer, invented a machine which 
scpaiates the w.iste into pure water, oil that 
can be used again, and tar Separators ol this 
type were installed m Clan Line ships in 193.5 
When petroleum was first discovered onlv 
one of its pioducts, paraffin or kerosene, was 
valued. Petrol was regarded as a waste product 
until the invention of the internal combustion 
engine. 

Motor fuel can now be distilled from a 


362 


WEALTH FROM WASTE 



GOLD FROM SMOKE 
At Kalgooilie, Australia, any gold dust is recovered 
from the furnaces by suction fans. 


bewildering number of substances, some of 
which were once waste It has been discovered, 
for instance, that Douglas hr tar yields an anti- 
knock motor fuel and waste chips of this wood 
now have a value Molasses, formerly a useless 
by-product of sugar-manufacturing processes, 
IS now used in the production of motor fuel 
It also yields alcohol, acetone and butyl alcohol 
(employed in the manufacture of cellulose 
paints and artificial silk) 

PAVING STONES FROM GARBAGE 

In the Midlothian district of Scotland 
motor spirit, naphtha, burning oils and lubii- 
cating oils are extracted from slate-like clays 
known as bituminous or oil shales Hundreds 
of thousands of tons of law shale arc raised 
there every year Altei the oils have been 
extracted the spent shale is made into bricks 
It also forms the chief constituent in a spcci.il 
cement known as poz7olana which powerfully 
resists damp 

Synthetic stone can be made out of dustbin 
garbage By a process discovered by Mr W 
AreU, twenty-five square yards of fiie-iesisttng, 
weathei-pioof stone slab can be piodutcd Irom 
one ton of i efuse 

Valuable building inaltiials can be mami- 
tactured out of collierv waste At Otiill, 
Wigan, filty thousand tons of bricks a year writ 
being inanul.it tiired hont collieiy lefiise in l^ki’i 

Fiom the waste crial tli.it is durupid in 
disfiguiing heaps round collitiics a substanit 
called fusain is extiacted Blended with coking 
coal it gives coke of a considerably increased 
baldness which is used to gicat ccouomu 
advantage in blast-fur nares 

MANY PRODUCTS FROM TAR 

In 1936 fjeinian meichaiits were buying 
iron oie dumps in Cumbciland and I'urnrss 
They paid high puces lor this wasir , since thev 
extracted semi-prtcious stones from it. 

Coal-tar, one of the woild's most highly- 
prized by-products, was itgarded as useltss 
until an English chemist named William Henry 
Pei kin extracted a mauve dye from it Now it 
is valuable not only from the dye manulac- 
turer’s point of view but also from that of the 
doctor and the beauty parlour proprietor, loi 
It yields aspirin, phenacctm and veronal as 
well as such perfumes as orange-blossom, 
lasminc, musk and new-mown hay. 

Real hay, in common with straw and plant 
refuse, can be made to yield lignin, a substance 
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BREAKING UP IN ORDER TO RFMAKE 

All o\v-cicet] leiie cutlei m hi\ Mrangc hut ne<( nat v " atmour ” at work on saap metal It ts being broken 
up picpaiuloi } to taking on a new U-aic of lije as armament', 


used in tlif inanufActurr ol tanniiij» inati nals 
inrl dycstuITs Dvestuils are also obtained 
liorn svaste lublici, winch in adcliiion gives 
till pentiTie substitutes, ciudc lubber solvent 
and t Icaiising fluids 

HORSES FED ON SAWDUST 

SavMiiill vsastc is led into a niachine fitted 
wnli n-v'olving knives called a bog This reduces 
the wood to (hips, which aie then placed in 
vihal IS technically known as a gun, to which 
high-prcssurc steam is admitted Fiom this 
thev are literallv shot, .i process which shieds 
I hi fibres 'The steam is afterwards exhausted 
and the maleiial beaten and made by hydraulic 
piessurc into boards lor insulation and other 
purposes 

Similar boards are also made of bagasse, the 
substance which remains aftei sugar has been 
squeezed out of cane. Sawdust cooked with 
.sodium hydroxide was fed to horses and cattle 
in Germany and .Sweden owing to scarcity of 
fodder during the World War. 

Among the valuable articles and substances 


which even the thrifty housewife throws in 
the dustbin without any compunction are apple 
coies, orange peel, hones, tags, lat and 
cigaiette ends All these liav'e their uses 

Apple cores are a souice of pectin, without 
which jellies will not set and which is essential 
in the making ol synthetic jam Oiange peel 
contains oil Bones heated in water give out 
gelatine, which is used in the pteparation of 
sweetmeats, chocolates, soup, medicines and 
photographic filni-s After the gclatiiie-extrac- 
tioii process is completed the bones still contain 
phosphorus, a constituent ol artificial manures. 

RAGS MAKE FINE PAPER 

Rags can be converted into paper and artifi- 
cial silk. A large proportion ol the fifty thousand 
inhabitants of Dewsbuiy, Yorkshiie, aie em- 
ployed in converting woollen rags into “ shoddy” 
fabrics. Silk waste is turned into velvet by a 
process discovered by Lord Bradford, who 
made his fortune thereby after having been 
brought to the veigc of bankruptcy. 

Fat is used in the making ol soap, marganne. 
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and essence of pineapples, and highly-nutritious 
artificial butter can be made from extracts of 
mutton suet mixed with oil and milk. 

Tobacco-waste is a valuable source of 
nicotine and it also contains chermcals which can 
be used in the preparation of artificial fertilizers. 

In 1936 workers attached to the National 
Institute for Research in Dairying at Reading 
discoveied that the husk of the cocoa bean is 
rich in vKamin D, though it had up till then 
been regarded as waste This vitamin is essential 
lor the utilization by the body of calcium salts 
and the phosphates Tests showed that two 
pounds of the husk added to a cow’s daily 
winter allowance of food makes winter milk 
as rich in the vitamin as spring milk A curious 
feature of this substance k that its beneficial 
effect IS not increased by increasing the amount 
administered to the animal 

No waste has ever brought greater wealth 



RECOVERED FROM THE DEAD SEA 
Potash being loaded. It is valuable as a fertilizer 
and in the manifacture of explosives. 


to agriculture than guano, the excrement of 
sea birds which is found in large deposits on 
certain islands off the coast of Peru and the 
west coast oi Africa. It contains a large variety 
of plant-feeding chemicals compounded in 
exactly the right proportions, and no synthetic 
manure yet manufactured is an adequate 
substitute for it. 

It was first used in England about 1840, but 
the Peruvians have been using it lor hundreds 
of years. They have a proverb • “ Guano, 

though no saint, works many miracles ” 

The birds that deposit the Peruvian guano 
are attracted to that coast by the Humboldt 
Current, a cool ocean stream, in which lish 
swarm in their thousands The birds cram 
themselves lull of fish and then rctiie to the 
islands to digest the meal. 

EXPLOITING THE DEAD SEA 

In strange contrast to the teeming life ol 
the Humboldt Current is the literal de.idness 
of the “ bitter and imprisoned wafers ” inlo 
which the River Jordan empties itself, yet these 
waters are being made to yield fabulous wealth 
in the form of chemicals and minerals 

Here wc have an enlln ailing example of 
how science makes “wealth om of Wiisle” 
life out of death For thousands of ye.ns the 
Dead Sc.i enjoyed .i leputalion as evil as that 
of Sodom and Gomon.di, the sinful cities th.il 
it eiigulled Now its chemicals are being put 
into the soil of many lands to give them leitilily, 
to help them product life and to pioduce it 
more abundantly Its waters give well-being to 
them that are diseased, while on its shoics 
health and pleasure resorts are springing uji 

AN ANCIENT PROPHECY FULFILLED 

Wc recall the words of E/ekiel the prophet ■ 
“ Thus saith the Loid God the wastes 
shall be budded 

“ And the desolate land shall be tilled, 
whereas it lay desolate in the sight of all that 
passed by 

“ And they shall say, this land that was 
desolate is become like the garden of Eden, 
and the waste and desolate and ruined cities 
are become fenced and arc inhabited.” 

The Dead Sea is forty-seven miles long, ten 
miles wide, and has a superficial area of three 
hundred and sixty square miles. Thirteen 
hundred feet below the level of the Meditpna- 
ncan, it is the lowest sheet of water on the 
earth’s surface 
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MORE WEALTH FROM THE DEAD SEA 

4 ham oj carnallite on the fint lap oj its journev to Cut ope Carnallite, containing both potash and 
magnesium, is the setond substance obtained by the evaporation process, which takes place in "pans," 


Every day the River Jordan pours in six 
million tons ol water, and in winter other 
streams and iivulets swell the inflow The 
sea has no outlet so that the suijilus watet is 
taken ofl solely by evaporation, and since the 
iiirominu: waters aie heavily laden with salts 
the sea is extiemely saline, and is getting more 
so Ordinary ocean w'ater has a salinity of 
lour to SIX per cent, but that ol the Dead Sea 
is twenty-three to twenty-five per cent. Nothing 
can live in it Fish bi ought down by the Jordan 
die and provide Icxid for sea birds. The high 
degree of salinity also gives the water great 
buoyancy so that swimmers cannot sink in it 

INEXHAUSTIBLE SUPPLIES OF POTASH 

There are abtiut twelve million tons of salts 
in the Dead Sea; and every year sees the 
addition of a further eight hundred and fifty 
thousand tons It contains one thousand 
million tons of potash and eight hundred million 
tons of bromine— enough to supply the woi Id’s 
needs for thousands of years at the present 
rate of consumption 

Bromine is a reddish-brown, highly-volatile 
liquid. From it come sodium bromide, 
potassium bromide and ammonium bromide. 


It IS used in medicine, photography, the dye- 
stulf industry, and the manularture of ethylene 
dibromide, out ol which tetiaethvl lead, the 
anti-knock principle ol motoi -spirit, is made 

Potash, a white salt-hkc powder, is valuable 
as a icrtilwer and in the manulacture of 
explosives It is the most desirable part of the 
Dead Sea’s wealth 

WEALTH FROM HOT SPRINGS 

Magnesium, another Dead Sea salt, is used 
in the preparation of woollen fibres and in 
magnesia cement. 

The salts of potash, magnesium and calcium 
arc biought by the waters of the Jordan, while 
bromine comes from the hot springs of Herod’s 
Bath, which has been known since the days 
of the Roman cKCupation 

Scientists have been interested in the Dead 
Sea’s wealth for at least half a century, but 
the first person to take practical steps in their 
exploitation was a young mining engineer 
named M. A. Novomeysky, who was carrying 
out expierimental surveys on the shores of the 
Sea three years before the World War. 

Mr. Novomeysky became managing director 
of the Palestine Potash Company, which in 
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RUSHES HELP RAILWAY 
Tall rushes from the River Arun arc used to 
remjorce railway-bridge embankments. 


1930 secured a concession from the Governments 
of Palestine and Trans-Jordan “ to obtain by 
evaporation or otheiwise the mineral salts, 
minerals and chemicals in and beneath the 
waters ol the Dead Sea and render maiketablc 
and sell the same ” Under the terms of the 
contract the whole enterprise becomes govern- 
ment property at the expiration ol seventy-five 
years, and in the meantime a large proportion 
ol the profits are to be paid to the govei nments 
concerned 

A RAPIDLY DEVELOPING INDUSTRY 

Production began m 1 932, when two hundred 
and fifty tons of bromine and ten thousand 
tons of potash were produced. Four years 
later, one thousand two hundred tons of 
bromine and thirty thousand tons of {xitash 
were marketed. 

The water is pumped out of the Sea into 
shallow pans which vary in size between seven 


and a half and thirty acres. The pipe-line 
through which it is pumped is thirty inches in 
diameter and two thousand five hundred feet 
long. Its mouth is two thousand three hundred 
and fifty feet from "the shore, at a depth of one 
hundred and seventy-five feet, where the water 
contains twice as much potash and bromine as 
on the surface 

The water is evaporated by the heat of the 
sun, and the salts are left behind in the pans. 
The first substance obtained by the evapotation 
process is common salt. After that cainallite, 
containing both potash and magnesium, is 
obtained When the carnallite is removed 
brine containing bromine and magnesium 
chloride is left behind Treatment with chlorine 
gas and steam produces pure liquid bromine 
from this brine 

HEALTH RESORTS ON DEAD SEA 

Before the Palestine Potash Company started 
work it had been supposed that only natives 
could live in the Dead Sea neighbourhood, but 
experience has proved that not only can people 
ol any race live there, but that the climate is 
very healthy 

The air has a gieatei percentage of oxygen 
per cubic foot than any other place on eaith, 
which gives it a lemaikabli tome pioperty 
Sunshine is continuous and only two inches ol 
rain lall in a year for tlu se reasons, and because 
bathing in the Sea is not only pleasant but also 
remedial, health resorts are being built 



HARNESSING A VOLCANO 
These pipes conduct steam from a volcano to 
Industrial plants at Larderello, Italy. 
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HARNESSING THE SUN 
Dr. C J. Abbot's soiar-fiash boiler, whuh eonveils 
the sun's rays into mcchamcal energy 

Onc-sixth of the gold found in the western 
states of America is obtained trorn the mud 
and sand ol creeks and sw.inipy land This is 
done by means of dredgers which send an 
endless chain of buckets down into the slime, 
turning over as much material in a given time 
as five thousand men could cope with 

SIFTING GOLD FROM MUD 

After having been hauled on board the 
diedger the material is sifted with the aid ol 
screens and water until only very fine dirt 
remains. The gold particles are winnowed 
Irom the dirt in which they are hidden by the 
introduction of quicksilver, with which they 
amalgamate It is said that so efficient is this 
means of collecting the gold that only a tenth 
ol one per cent is lost 

One of the largest and most efficient dredgers 
in the world operates on the south side of the 
Yuba River in Calilorma. The hull measures 
two hundred and thirty-four feet long, sixty- 
eight feet wide and 1 feet deep, and seventy- 
five thousand pounds of rivets were used in the 
fastening together ol its steel plates. The hull 
and the superstructure together weigh one 


thousand three hundred tons, while the digging 
apparatus weighs seven hundred and forty 
tons. Each of the one hundred and twenty-six 
manganese-steel buckets has a - capacity of 
eighteen cubic feet, and the ladder which 
supports them is two hundred feet long. 

TREASURE FROM THE DESERT 

The dredger is electrically operated by 
motors which have a total of 1 ,500 h.p. There 
IS an elaborate floodlighting system by means 
of which the dredger is enabled to work through 
the hours of darkness It produces £15,000 
worth of gold every year 

In Northern Chile there is a large expanse 
of semi-aiid country which was regarded as 
waste land until it was discovered that it 
contained extensive deposits of nitrates, which 
are invaluable as fertilizers of impoverished 
soil The whole vast aiea was once covered 
by the waves oi the sea. Even ram is an event 



PREVENTING NEEDLESS DESTRUCTION 
On the took out jrom the tree tops for forest fires tn 
the Forest of Dean 
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The possibility that these deposits would, in 
time, become exhausted presented saentists 
with the task of producing nitrates synthetically. 
Research-workers discovered two ways of 
obtaining nitrogen from the air ; the Haber 
and the Arc processes. 

In the former process, nitrogen from the air 
and hydrogen from water-gas are combined 
under high piessure, and in the presence of a 
catalyst, to form ammonia, which is oxidized to 
form nitric aad and nitrates. This method is 
employed by Imperial Chemical Industries, 
Ltd , at their Bilhngham Works, and also in 
Germany 

In the Arc process, air is drawn through an 
electric arc and the nitrogen and oxygen com- 
bine to form nitric oxide, which absorbed in 
water gives mtric acid and nitrates. 

Many and varied attempts have been made 
to utilize the intenoi heat ol the earth Iceland, 
remote in Northern nusts, uses the hot water of 


some of her geysers to heat the hospital at 
Reykjavik, the capital, and some enterprising 
citizens also find it invaluable for maintaining 
the temperature pf greenhouses. Some years 
ago a steam vent in Geyser Canyon, California, 
U.S.A., was used to drive a stationary engine 
that developed 1,500 hp., while at Volterra, 
Italy, a large power-plant has been run by 
similar means since 1916. 

Sir Charles A. Paisons, the perfccter of the 
steam- turbine, gave it as his opinion that we 
do not know what lies at the centre ol the earth, 
but we ought to “ It is an exploration of much 
greater importance than the exploration ol the 
polar regions,” he avowed, “ so many possibili- 
ties of practical application may lie beneath 
our feet Aside from the likelihood ol a shaft 
m the earth’s crust solving our power problems 
for ever, it is altogether likely to reveal thi 
existence ol new chemical elements and metals 
heavier than any we know ” 







TEXTILE MILL WHERE GLASS IS SPUN 

hi ihii textile mtU glaxx fihie is spun into a new maletiiil A single fibre shows a tensile strength of over 
a niillion pounds per squatc inch Some sliaiuh ate one ten-thousandth of an inch wide 


WOODEN STOCKINGS AND 
MILK CLOTHES 


M cirf. tlian half the people one mens 
today arc clothed in wood At first 
ttlance this statement seems lantaslic 
but It IS nevertheless tiue Weie it not lor the 
fart that men arc mheiently ronser\<uive in 
matters ol diess the piopoition would be far 
fti eater 

During the past twenty years or so ravon, oi 
artificial silk as it is populaily called - though 
It IS neither artificial not silk —has tianslorined 
the clothing ol the civilized world Many w'omen 
never dream of wealing stcKkings ol any other 
material. Eight out ol every ten afternoon 
gowns, dance fiixtks and evening dresses one 
sees in the shops are made of rayon. Blouses, 
jumpers, scarves and handkerchiefs are woven 
of It and, as every woman knows, for “ undies ” 
it is in great demand. 

Even men, conservative though they be, are 
rapidly being converted to the use of this 
wonder material of the tw'eritieth century, 


perhaps mote rapidly than most of them are 
aware The shoi t-sleeved, open-necked sports 
shirt which a lew years ago captuied the 
imagination of the youth of both sexes may be 
made ol cotton, but is more likely to be made of 
layon The vogue ol ray'oii singlets and trunks 
grows every yeai Rayon pyjamas and dressing 
gowns giace many a masculine bedroom 

Foi some leason probably unknown even to 
themselves men fight shy of rayon socks, but 
they are giving m to rayon lies and aie beginning 
to appitciate rayon handkcichiels I'hey are 
doubtless blissfully ignorant ol the fact, but 
many of their suits and overcoats aie lined with 
rayon, and it is quite possible that the suits and 
overcoats themselves are built of a rayon and 
wool mixture, just as the shirts beneath the 
suits may be made of rayon and cotton. 

In Germany, where wooden suitings are now 
quite common, it is jokingly said that tailors 
invite customers to choose their own tree. 


•’69 


370 


WOODEN STOCKINGS AND MILK CLOTHES 


Another joke that has gone the rounds there 
runs as follows : “ My dear. I’ve got absolutely 
nothing to wear; the woodworm has got into 
all my clothes ' ” 

Nor IS the use of rayon confined to articles 
of clothing, this man-made textile fibre has 
invaded the home as well Chairs, settees and 
cushions are covered with it Rayon curtains 
adorn the windows, rayon tablecloths and table 
napkins the dining table A rayon lampshade 
diffuses the light you switch on in the evening; 
you can sleep at mght between rayon sheets, 
be kept warm by rayon blankets, and cover 
your bed during the daytime with a rayon 
bedspread There is, in fact, no woven or 
knitted article which cannot be made from it 

FORESTS FELLED TO MAKE STOCKINGS 

All these articles, oi nearly all, are made ot 
wood Wood that comes in the main from the 
spruce forests of Canada, where every year 
thousands upon thousands of tall trees are felled 
to make dainty dresses, sheer stockings, sleek 
underwear and luxury furnishings for people 
all over the world. 

A gigantic industry has sprung up, as it were 
overnight Fifty years ago “aitificial silk” — 
the woid “ layon ” dates only from 1924 and 
was not officially adopted in Britain until 
1927 — was unknown save to a handful of inven- 
tors, and even they were as yet unable to produce 


a fibre which could be exploited commercially. 

It is less than forty years since rayon began 
to be produced on a commercial scale in 
Britain Thirty ypars ago not a hosiery manu- 
facturer in the country would touch rayon yarn 
for stockings. Not till 1917 could manufacturers 
ol upholstery fabrics be induced to use rayon 
mixtures. 

MORE RAYON THAN WOOL PRODUCED 

Today the world’s annual production of 
rayon yarn exceeds five hundred million pounds. 
Of this, Britain produces one hundred and fifty 
million pounds Five times as much rayon as 
silk, and more rayon than wool, come on to 
the world’s markets 

Though’ no practicable way of producing 
artificial silk on a commercial scale was dis- 
covered until the closing yeais of the nineteenth 
century, single strands of imitation silk had been 
made centuries before The ingenious Dr 
Robert Hooke, curator of expenments to the 
Royal Society founded by Charles 11, saw and 
handled such strands in London before 1GS4 
and found they excited his imagination 

“ I have often thought,” he wrote, “ that 
probably there might be a way found to make 
an artificial glutinous composition, much te- 
sembling, if not fully as good, nav better than 
the excrement, or whatevei substance it be out 
of which the silkw'orin wii e-draws his clew ” 



APPEARANCES ARE DECEPTIVE AT THE RAYON FACTORY 
Cellulose, which has been dried by being passed over steam-heated cylinders untii it resembles thick blotting- 
paper, after arrival at the rayon factory where the sheets are cut, gauged and weighed. 
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The French scientist Ren^ Antoine Ferchault 
de Reaumur, who devised the Reaumur thermo- 
metric scale and during the earlier part of his 
life was responsible for many industrial inven- 
tions, was another who pondered the problem 
of artificial silk “ Silk is only liquid gum,” he 
said. “ Could we not ourselves make siUcs with 
gums and resins^ ” 

One hundred and fifty years were still to 
elapse before that dream became a reality, 
loi Reaumur died in 1757 with his question 
unanswered. 

WEAVER GAVE AWAY A FORTUNE 

The story runs that chance played a part m 
hastening the invention on moie than one 
occasion An observant weaver of Saxony in 
Geimany, F. Ootthied Keller by name, about 
a centuiy ago tiod upon a wasps’ nest, and 
noticed how' the material of which it was made 
resembled tough paper 

A shoil while latei, in 1840, he paused to 
watch some childun grinding holes in cheny 
stones with an ordinal y giindstone They had 
fixed the stones in a board of wood, and .is the 
grindstone revolved it rasped against the wood, 
giinding Irom it powdery fragments which fell 
into a pan of water beneath the boaid 

Keller dipped his hand into the water and 
sq nee .ted some of the sodden sawdust In that 
moment the idea of cheap paper made from 
wood pulp was born The weaver became a 
paper maker, but not realizing the value of his 
process, sold it for a trifling sum 

CLOTHES AND PAPER 

There may seem to be little connection 
between paper .ind rayon, actually theie is a 
very inliinale one I’hey are both made fiom 
the same raw malcii.d differently tieated, and 
the discovery of how to make jraper horn wood 
was a step tow'ards making clothes irom wood 

In 1846 a German chemist, Christian 
Friedrich Schonbein, discovered that nitro- 
cellulose, popularly known as gun-cotton, could 
he used as a high explosive There may seem 
to be even less connection between explosives 
and rayon than between rayon and paper, but 
again the raw materials are the same and the 
processes similar. 

The veiy rapid increase m the production 
of rayon after the World War of 1914-1918 was 
in part due to the fact that many chemical 
factories, when the demand for explosives 
ceased, turned to the making of rayon in order 



POURING OUT CELLULOSE XANTHATE 
On contact with ca/hon hnulphuic the white pulp 
turns orange-red, becoming cellulose xunihate. 


to use up the raw materials on h.md and to keep 
their plant and cmplovees m work. 

Ihc first known iJiitish patent for the 
manulatturc of “ .irtificial silk,” as its inventor 
called It, vvas taken out in 185.5 by .i Swiss, 
Geoigts Audem.us ot Lausanne, who was 
greatly indelitcd to Schonbem Audcmais took 
the inner bark of mulberry and other tiees, 
boiled It ill .soda and added soap and latei lime 
to the seethed material The bleached fibres he 
dissolved m nitric acid, alcohol and ether to 
which he added a rubbei solution His method 
of drawing out threads was to dip the points 
of needles into the mixture and lead the threads 
on to a winding machine 

Nothing came of Audemars's process, nor of 
that invented by Edward Joseph Hughes of 
Manchester, who used a fearsome mixture 
consisting of starch, fat, glue, gelatine, oil, 
wheat and cellulose This compiehensive 
conglomeration Hughes proposed to use not 
only to pioduce a silk-like fibre, but also lor 
the making of mutation leather and rubber and 
as a material for insulators 

The first man actually to produce a thread 
which could be woven into a fabric was the 
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English physicist and elcctncal engineer Sir 
Joseph Wilson Swan, famous in the history of 
photography for his inventions of the dry plate, 
carbon printing and bromide paper, and in 
electrical engineering for the Swan carbon 
filament lamp. 

Swan was after a satisfactory filament for 
electric lighting In the course of his experi- 
ments he made in 1883 a thread bv squirting a 
solution of nitro-cellulose emulsified in acetic 
acid through a tiny hole into alcohol, m which 
it coagulated He realized the value of this 
thiead as a textile fibre, patented his invention, 
and exhibited d’oylies, mats and similar 
articles made of this “ artificial silk ” at the 
Inventors’ Exhibition in 1885, and made some 
arrangements for its commercial exploitation. 

FATHER OF RAYON 

But he was more interested in electric 
lighting than in textile fabrics, and meanwhile 
the man who must be considered the father ol 
the ra)on industry had taken out in France a 
patent lor his prrxess This svas the Comte 
Hilaire de Chardonnet, whose patent in 1884 
lepresenled the culmination ot over thirty 
yeais’ work. 

Once again tradition suggests that chance 
played a pait in hastening insenlion It is 
related that one day Chardonnet got his hands 
covered with some collodion he uas using for 
photogiaphir purposes. Ht stietrhed Ins fingers 
— and at once noticed that the collodion 
formed fine threads 

1 his excited his curiosity, and a happy 
accident led him to Ircsh discoveries He 
knocked ovei a jar of tollodion and, inindlul of 
his former experience, left the mess overnight 
to discover next day that it had fonnccl “ fine 
threads resemhling silk ” 

COPIED THE SILKWORM 

Chardonnet based his reseat ches on the 
method of the silkworm. He noted that the 
insect led on the leaves of the rnulberiy and 
the oak, the principal constituent of which is 
cellulose, and that the silk which the silkworm 
produced issued from its body through iwo 
tiny holes called spinnerets as a gummy liquid, 
which on exposure to air immediately solidified 
as a fine thread. 

Having investigated every detail of the 
natural process, Chardonnet set himself to 
imitate it by mechanical means. His problem 
was to render cellulose soluble, to press this 


soluble form through fine holes and to render it 
immediately insoluble by contact with air or 
liquid. 

So closely did Chardonnet in his experiments 
copy the silkworm that he obtained his 
cellulose first from the leaves, and later from 
the trunks — which he found equally suitable 
— oi mulberry trees. He turned the pulp into 
nitro-ccIlulose, which he dissolved in alcohol- 
ether and squirted through fine holes into 
heated air, which hardened the solution into 
filaments which could lie W'oven into fabric 

STRUGGLE FOR RECOGNITION 
The thiead Chardonnet obtained was of good 
quality, but it siillered lioin two grave draw- 
backs It was more expensive to produce than 
real silk, and it was highly inflammable 

The inventor established his fust lactory in 
1884 at Besan(,on, his birthplace, but il took 
him upwards ol seven years to overcome tin 
various diflicultiesol production onacornmeixial 
scale 

I he French government lor a time foibadi 
the manui.ictnrr of his aiufiual silk, holding ii 
too daugeious a produrt, and in England 
textile tiade peiiodicals urgently w.irned thin 
leaders against its use. 'Ihcie was soiiii tiling 
iionie in ihis advice, given at a lmii‘ when main 
thousands of “ bhuk-eoated " woikers daiK 
aiiajed themselves m c(|ii.illy in(lainmal)l( 
celluloid eoll.irs and rulls, .iml when flaniK h lit , 
which burned like paper, was rcgiilaily in 
use for < liildren s elolbmg 

AS SAFE AS corroN 

Chardonnet (mallv rendered his yarn .iiid 
fabnes “ as salt as cotton,” as he tiiumphaniU 
deelaied, by adopting Sir Joseph Sv\.ii> 
de-uiliatioii piocess, exhibited an miposin>j 
airay of yarn and materials at the I’aiis Ivsln- 
bition ol 1885 which readily induced fin.uicn is 
to puui Iresh money into his by now ahnosi 
bankrupt concern, and by 1891 was producing 
at the rate of thirteen tons, or nearly ihut^ 
thousand pounds of yam a year By 1895 the 
success of his company w'as assured, and jirofiis 
were mounting up in spectacular fashion 
In 1892 came a discovery, made by two 
Enghshmen, C. F. Cross and E. J. Bev.m. 
which was in time to revolutionize the industry 
This was a method of preparing a solution, 
w'hich the inventors called “ viscose,” from 
wood pulp by the action of carbon bisulphide 
The commercially important feature of tins 
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TWISTS GLASS HBRhS INTO YARN 

A machuK in a texiile null that twisti Jihre-gla‘.\ "silver" into yarn A pound of this tihie voulcl reach 
round the cciilh. It lan he spun at a km’ letmiilcihle speed 


prorrsi tliat it l.ii clie.ipci than those 
ol any oihei oinploytxi. 

I'be pi (K css was patented, and a rompany 
lorrried Tor its development Amontt those 
(niKcrned was Mr. Clharlcs I'rcd Toiihani, and 
It was by his inventive ability that the .situation 
was saved at a most critical nionient Flic 
tonipany’s capital was exhatisteil. Us diiectoi's 
were penniless, then homes had been inoit- 
y.iyed to keep the plant running, and the head 
ol the film was broken-hearted and utterly 
w ithout hope lor the future. 

AN INVENTION OF GENIUS 
Then Topharn produced his Topham Centri- 
lugal Spinning Box, which has been described 
as an invention “ hall-marked by the textile 
world as a work of genius.” He had made it 
out of a blacking tin and a piece of string, using 
the treadle of a second-hand sew'ing machine 
to supply the motive power. Apparently 
simple, but it proved invaluable. 

That was in 1900. The spinning box was 


tried onl and hv its inc.iiis tin insi ,ui ccssitil 
“ iak( ’ olTavon was spun I he company was 
saved, the rcntiiliig.d '-pinning bo\ method 
rapidh sujxrsedcd all others, and within 
the short peiiod ol thiilv years mscosc” 
rayon lorined o\'fi eighty per cent ol the 
world’s total pioduction 

WAYS OF MAKING RAYON 

'I hcK .ire tod.n loin processes of making 
artificial silk m industrial opfi.ition the 
Ghardonnet, collodion oi nitio-silk process, as 
It IS variously called; the ciipiatninonium silk 
process patented by^ a Frenchman called 
Depeisses in 1890; the acetate piocess, patented 
by Cross and Sevan m 1895, and the viscose 
prcxiess. 

Of these the cuprainmonium, the Char- 
donnet and the acetate processes give very 
beautiful products, but the viscose process, 
being at least half as cheap as any oi the 
others, has completely captuied the geneial 
market and is now responsible for neaily 
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ninety per cent of the world’s total output. 

The rayon made by this process is manu- 
factured almost exclusively from wood pulp, 
Canadian spruce being now usually employed, 
though in the early days ol the industry most 
of the timber came from Scandinavia. The 
story of the transformation of wood into 
clothes is one of the most notable examples of 
man’s ingenuity in turning Nature’s gifts to 
his own purposes 

After the trees are felled and .sawn into logs 



they are floated down the rivers to the pulp 
mills, where they arc stripped of bark, cut up 
into small pieces, boiled in chemicals to remove 
all resin, washed, bleached and scoured. Nine 
or ten different processes are necessary before 
the wood emerges as pure cellulose 

For transport overseas the cellulose, which 
at this juncture is a gelatinous substance, is 
dned by being passed over steam-heated 
cylinders until it resembles thick blotting paper 
It is then cut into sheets, baled and wrapped 
in canvas. 

PROCESSES IN THE FACTORY 

On arrival at the rayon factory the sheets are 
cut to standard size, gauged and weighed 
under carefully controlled conditions The 
time taken, the temperature and the amoiiiu 
of nioistuie in the atinos|)heie aie all regulated 
exactly The sheets aie then plunged in long 
baths filled with .1 solution of sodium hvdi oxide, 
cominonlv known as caustic soda, which dis- 
solves out all unw.inifd mateii.ils and combines 
with the good cellulose to foirn what is tech- 
nically known as alkali cellulose 

When this pioiess is complete the caustic 
stxla is run oil, Inthaulic fircsses squeeze the 
sheets diy and the l.ittci are loaded into 
pulverizing mat hints to be sluedded into a 
crumli-hke condition bj heavy spii.il bladi s 
with large teeth which revolve against fixed 
bladci 

Aftei about two houis of ciumbmg tin 
shredded pulp is emptied into large tins and 
taken to the rruinb store, that the chemiia! 
action of the caustic soda upon the cellulose 
may be cornpli teci This m.ituniig process 
lasts twentv-foui hours 01 more 

WHAT VISCOSE IS LIKE 

Nc.xt comes the most distinctive opetation 
in the viscose process The shredded jiulp 
IS placed in hexagonal tins and brought into 
coniaci with carbon bisulphide, in the propoi- 
lion ol one hundred parts ol cellulose to sixty 
parts ol cat bon bisulphide A startling change 
takes place; the white ciumbs swell and turn 
in a few hours to a rich orangc-ied gelatinous 
mass, known as cellulose xanthate. 

The cellulose xanthate is passed down 
chutes to the mixers, in each of which is a 
senes of paddles revolving in water The 
xanthate dissolves in the water and produces a 
solution resembling honey. This is the viscose 
discovered by Cross and Bevan in 1892. 
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The solution is tested and then run down into 
the cellars, where it is stored in large containers 
for several days to mature During this maturing 
period it is filtered to remove any solid matter 
however minute, for the next process will 
consist in squirting the solution through holes 
some of which have a diameter as small as 
one five-hundredth of an inch 

The filtering consists of passing the viscose 
through thick sheets of wadding and layers of 
specially woven cloth, and is earned out ihiee 
or four times Meanwhile vacuum pipes suck 
from the solution any gas or air which may have 
got into it. Even a bubble of air would stop up 
one of the tiny holes through which the solution 
must later pass 

MAKING THE RAYON THREAD 

Tlif rayon thicad is boiri in the spinning 
iciom Here the viscose is passed through 
spuming jets made cither of a platinum and 
gold alloy or portelam and pierced with holes 
which are imnietsed in a bath of dilute sul- 
phuric acid In this solution the \iscose hardens 
into a hbre ol approximately the same thick- 
ness as that produced by the silkworm 

riie fibies are drawn ofl' lluough the acid 
oscr a glass wheel and dropped by way of .i 
glass tulic into a rapidly revolving box, the 
lainous Topham C.VntnIugal .Spinning Bux 
Heie they aie wound b\ ccntiilugal .u tic in 
round the inner suilace the box inU) wb.a is 
known as a layon i..ikc, because oi us icsetn- 
1)1. nice to a Cake with the inside cut out 

WASHING. DRYING AND Bl.E\CHJNG 
Alier a tune in conditioning c.ilinietN the cakes 
.11 c wound into hanks, whicli aie first passed 
through a spiay w.rshei to remove dried and 
.uid any other surface impinitics following a 
diving in hot ovens, the hanks pass to the 
blcMchmg machine, wheie the layon is washed 
a second lime, sprased with sodium sulphide 
to clean out sulphur, sprayed with bleaching 
solution and at once “soured” with dilute 
acetic acid solution to neutializc the alkali of 
the bleach. Einallv it is washed once more, 
this time in a solution of fine quality soap and 
after being wrapped m cloth to prevent dani<ige 
to the delicate fibres is packed into hvdio 
extractors for drying This is complelc’d by 
passing the hanks on poles through long sleam- 
hcsited ovens. 

Throughout the whole of this long and 
complicated series of operations atmospheric 



GOWN OF CELLOPHANE 
A beautiful cellophane gown worn the Queen of 
the M'orld'6 Fair at Chicago. 


and other conditions must be exactly con- 
trolled, the manufactuie of rayon is absolutely 
dependent upon scientifically accurate regula- 
tion of conditions from start to finish 

All the raw materials used must be of the 
highest grade of purity, and a practically 
unlimited supply of pure, soft water is an 
absolute necessity. 

An important modern development in the 
layon mdustrv is the manufacture of spun 
layon An ordinary hank of layon consists of 
a numbei of very long threads, spun rayon is 
the same threads cut into staple lengths equal 
to the basic thread of wool or cotton, and 
then spun into threads 

Spun rayon has all the silky attractiveness 
of standard rayon, is very soft, and gives 
considerable additional warmth. One of its 
mam uses is to be mixed with long staple 
botany wool for men’s suits. 
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The production of rayon has increased 
eighteen thousand per cent since the beginning 
of the present ccntuty It has left the industrious 
silkworm far behind A silkworm takes four 
weeks to produce one thousand yards of 
silk fibre, a spinning machine runs off more 
than two-aud-a-half times that amount in an 
hour Fiv'e times as much rayon is now produced 
as puie silk 

A ceitain famous firm, founded in 1825 as 
silk manulactuiers, took to rayon in 1904, and 
so phenomenal has been their development that 
eveiy ,('100 invested in the business in 1904 was 
worth /'120,000 a quarter of a century later. 

The indastrial chemist, encouraged by the 
phenomenal success of layon, has no intention 
of resting on his laurels He proposes to clothe 
the entire world fioin head to loot in syntlictk 
matei lals 



CLAD IN COPPER 

The woman is wearing a copper bathing suit; the 
man a copper lounge suit. 


Cellulose made from wood pulp is found in 
many an article of clothing not officially 
designated rayon or artificial silk. Crinohne, 
highly popular an recent modern fashions, is 
no longer made from horsehair as in our great- 
grandmothers’ days, but from the spruce of the 
Canadian forest. 

In many instances crinoline is being cm- 
bclhshed by the addition of .strips of ribbon 
made of cellophane, the substance so familiar 
today (but so little known only a few years ago) 
as transparent wrapping paper for bread, 
confectionery, cigarettes and tobacco. 

DRESSED IN CELLOPHANE 

Cellophane is fiist cousin, or even blood 
brother, to rayon, lor it is nothing more than 
viscose spread out into a thousandth of an inch 
film instead of being coagulated as threads 
“ .Straw ” hats made of cellophane woven o\i i 
horsehair and entire dresses of cellophane au 
among recent innovations 'I'hc so-called glass- 
brimmed hats are made of cellophane. 

Numerous materials used in millinery .ne 
today given a cellulose finish, notably chenille, 
ratha, cue, and oildoth But the ehernist by no 
means confines hinisell to cellulose lor his 
clothing effects 1 here ts, lor example, ennoid 
used for dips and buckles 

Ennoid is a plastic resin which can be dvrti 
any shade and mav be clear, opaque or < loudi i' 
Lartoid resm, that is plastic resin made lioni 
milk, IS cut into ornaments lot hats, and looks 
like finest ivory Aluminium, the only niti.il 
that will lake a dye, is not only used as a b.is. 
for satin tiimmings, but the w'oild’s ligltii i 
metal is being spun into material lor gowns 

CLOTHES INSTEAD OF CHEESE 

But the chemist’s imagination lias gone l.u 
beyond mere tiimiiiings, it has leadied out to 
supplant the basic materials olclothmg Lanital, 
an aitificial wool invented a few years ago by 
an Italian, Commendalore Antonio Ftiielti, 
is being pioduced in Italy in tonsiderabh 
quantities. 

It is made from the waste products of milk 
From one hundred and seventy pints of milk 
nine pounds of butter are extracted, leaving 
seven pounds of casein, which forms the basis 
of cheese. From this seven pounds of lanital is 
now extracted, and this makes up into four teen 
pounds of cloth. Italy has turned fiom the 
making of gorgonzola cheese to the making of 
milk clothes. 



WOODEN STOCKINGS AND MILK CLOTHES 


377 


Lanital is indistinguishable from ordinary 
woollen cloth. It can be made up in any form 
from rayon to tweed, is impervious to rain and 
can be used for bathing suits. 

In March, 1938, a British firm, well known 
throughout the world, announced the dis- 
covery of a new staple fibre, which they called 
“ Rayolana,” which has a dyeing affimty and 
properties exactly similar to wool. 

WOOL MADE FROM STRAW 

Gcnnany’s production of artificial wool rose 
from five thousand four hundred tons in 1933 to 
ninety thousand tons in 1937. 

This artificial wool is largely made from 
strait’, while a process has been invented for ex- 
ti acting a textile fibre from the albumen of fish. 

In Japan, where recently it was ordered that 
all woollen and woreted fabrics for the home 
ra.i-rket must contain at least twenty per cent 
of spun rayon, and most cotton goods at least 
thiity pel cent, a new textile fabric called 
" wool silk” IS being developed It is made 
born the soya bean, that universal provider of 
die I’ai Last, .ind is churned to be loss th.in onc- 
thiid the price of wool, or one-fifth the price of 
pure silk. 

Foi long It was believed that cotton could 
not be imitated, but noev an artificial product, 
.IS strong as, and chc.ipcr to make than, natural 
cotton, IS on the maiket Known as alpha- 
ccllulose, It IS prepared fiom the wood of c)uick- 
gi owing trees hitherto legarded as incapable of 
being turned into useful products by chemical 
means. 

CHOCOLATES OF WOOD 

The chemist has also succecxled in making in 
the laboiatory hgnin, the substance which 
binds together the units of a cotton hbre. 
Consequently he can determine beforehand 
the cpiality of the artificial cotton he will 
pioduce. With natural cotton this is impossible 

Sausage skins, sugar, alcohol, glycenne and 
lace powder are among the numeious articles 
now manufactured out of trees. At a conference 
held in London, a German professor who tiad 
diivcn his car from Harwich on wood fuel, 
handed round to the delegates cdiocolatcs 
made of w'ood. 

What will happen when the earth is entirely 
denuded of trees? Such a state of affairs is not 
impossible to imagine; it takes a few moments 
only to fell a tree, but years to grow one. The 
answer is that the possibility has already been 



CLOTHED IN GLASS 

Wrapped round m material which ii fibrous, 

flexible and possesics a brilliant sheen 


anticipated and pi evented , the chemist is 
aheady making artificial wood 

It IS stronger and lighter than the loiest 
picxlucl, is proof against damp, c.iiinot warp or 
rot, and lasts apparently lot evci All our 
houses, so we are told, will soon be limbered 
from a test-tube. 

Just in case the mineral supply oi the world 
should run short, the industrial chemist is also 
manufacturing imitation metals. They are 
made lor the most jiart of plastic resins, ai e as 
durable as mined metals, last longei and can 
be lubricated with water instead of oil. 

The scientist who can manufacture wood and 
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metals thinks little of the difficulty of imitatmg 
and improving glass. He has long ago produced 
an unbreakable material and is now busily 
manufacturing glass strong enough for walls of 
houses and gun-turrets, yet sufficiently pliable 
to be bent to any desired shape by human 
hands. Glass made from synthetic resin can 
now be used in cameras and telescopes, spec- 
tacles and television apparatus. 

CROPS WITHOUT SOIL 

Fiberglas, which is glass produced in fibrous 
form, IS fire-proof and waterproof. The yarn 
is composed of one hundred and two filaments 
and has a length of one hundred thousand 
yards per pound. It is of such extreme fineness 
that a single filament is only one-twcntieth the 
diameter of a human hair and is smaller in 
diameter than the blood cells in the human 
body The filaments are wound on spools which 
are afterwards transferred to machines for 
fabrication into insulation tapes, cloths and 
other articles. Bags of this material are used 
in filtration of hot gases which reach a tempera- 
ture of five hundred degiees Fahrenheit. 

With all his clothing and building materials 
coming out of the chemist’s test-tube, man has 
only one other prime necessity of life to take 
thought for — food And he really need not 
trouble about that much longer 


Crops are to be grown without soil. Seeds 
will be sown, not upon the earth where a dozen 
causes — drought, floods, birds, animals, insects, 
weeds and so oir — may prevent theii germina- 
tion and hinder their growth, but upon mesh- 
bottomed trays placed over tanks full of 
synthetically produced and elestrically warmed 
liquid food 

Fieed from the exhausting strain of the 
frightful stiuggle for existence which all soil- 
sown crops have to endure, these ciops will grow 
more quickly, more abundantly and to much 
larger size 7 he seasons will not matter to them , 
they will suck up the nounshment they lequirc, 
protected by glass admitting ultra-violet lavs 
from frost and hail and snow, and will product 
not the Biblical thirty-, sixty-, or even one- 
hundred-fold, but thousand-fold and ten- 
thousand-fold 

THE WORLD A FLOWER GARDEN 

When th.it time comes, and the soil which 
man has dug and ploughed, sown and reaped 
with backache and with hcaiiliieak for 
thousands of yeais is no longer required for the 
satisfaction of his rncess.int and eternal hungei, 
what is to pi'event its becoming one ne\Ti- 
endmg garden ol flowers, in whieh he nia\ 
walk to satisfy the longing of his soul loi tlu 
beauty of Nature ^ 



COWS NOW GIVE RAW MATERIALS FOR WOOL 
Cowi being milked by machinery. The waste products of cow's milk are made into lanital, an aitificia! 
wool invented a few years ago by an Italian. It is largely produced in Italy. 





LONDON’S LATtST EXHIBITION BUILDING 
The most remarkable reiitfoi ced concrete structure in England, and one of the largest of its kind in the 
wotld It has a capacity of foitv-five million cubic feet and can seat thirty thousand people. 
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T he thing that hatli been it is that whuh 
shall be, and that which is flout is that 
which shall be clone, and there is no 
new thing undci the siiii ’’ 

So vviote the unknown author oi the Book of 
Lciksi.istes two lhous«ind yeais ago and up to 
.1 point histoiv has proved him to be light 1 he 
\ge of Steam opened with James \^att in the 
eighteenth ceiUuiy, but a steam engine which 
winked was descubed in a book wiilten during 
llie second ti ntuiy Bo The Age of rdectiicity 
dawned iisplendcnt in the nineteenth Cfiituiv, 
but some of the pro|iei ties of ehctncity were 
known to Greeks ol the siMli century Be 
I he Age of Conciete did not airnc until the 
twentieth century, but concrete w.as used in 
the building 0 / the Pyramids and for columns 
in the oldest faby until in the woild 
Yet Ecclesmstes was light only up to a point 
I here may be no new thing under the sun; 
but there is an infinite variety of ways of using 
the old things, and the discovery by man ol a 
new way to use old materials may bring in its 
train developments so far reaching that almost 
absolute novelty may be achieved. 

1 he inventor of the seolipile, an intriguing 


toy employing the principle ol the steam 
reaction turbine, and of wfiich we have a 
description written by Hcio ol Alexandria 
about 130 BC, ceitainly knew' one way of 
using steam, but lie was \eiy far from being 
able to ck'sign a turbine engine for the Queen 
ElKubeth—oT even a donkey engine with which 
to wind up liei anchors. 

fh.iles of Miletus, who is said to have 
gcneiatcd electricity .about 600 b r tiy rubbing 
amber with silk, would have been sorely 
puzrlcd to unde '^tand the Datteisca Power 
Station Those ingenious engineeis, the ancient 
F.gvptians, mixed roncrete for the Pyramids 
and moulded concrete pillars for the labyrinth 
at Lake Mocris in the Favum, but the Empire 
State Building in New York or the Earls Court 
Exhibition in London, both largely built of 
concrete, would h.ave been uttcilv beyond their 
constructive powers. 

Very' olten a new way of using old materials 
IS of startling simplicity, the marvel of it is 
that It has never been thought of before. Not 
infrequently, indeed, it has been thought ol 
before, but its significance has not been grasped. 

Ferroconcrete, for example, or reinforced 
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concrete as it is technically called, is simply 
concrete strengthened by having embedded in 
It steel or some other metal Concrete has been 
known to man for at least five thousand years, 
and iron, of which steel is only a specialized 
form, for in all probability twenty thousand. 
Yet It IS only during the past half century that 
man has realized the value of mating the two in 
his buildings At the Centennial Exposition in 
Philadelphia, in 1870, specimens of reinforced 
(oncrete were exhibited as curiosities. At that 
time only .1 very few people had any conception 
of the potentialities of this substance. 

WANTED UNBREAKABLE FI.OWERPOTS 

The ancient Romans, who prelerrcd concrete 
to any other building material, occasionally 
used iron bars to bind their concrete together 
inoie sccuiely, yet it was left to the niiieteenth- 
ccnttiry Fiench gaideiier, Joseph Momei of 
St Q^uciitin, to receive that blinding flash of 
illumination which nearly always piecedes a 
great invention And the sloiy runs that he 
would never have been illuminated had he not 
h id a V cry bad temper 

A man given to violent fits of passion, so it 
IS said, he used m his rage to dash floweipots 
on to the giound, with latal icsults to the 
How ei [lots Finding the habit lather expensive, 
vei unable 01 unwilling to depiive himsell of 
tins sail ty v.ilve hii his emotions, he bethought 
Ininsell ot the idea ol making unbreakable 
flowerpots 

DESIfiNED AfTER WATER BARREL 

He made them Inst of plain contiete, hut 
these u( le either too heavy to make satislactory 
I iissiles or if made light enough to throw about 
biokc as (asilv as the earthenware ones So 
taking a lip hoin the water barrel in his gaiden 
he bound non bands louiid the lighter ones, 
and when tin hands round the coriciete flower- 
jKits nisled and became eroded, he solved the 
chflicully hv making the iron bands the frame- 
work of his flowerpots, and moulded the concrete 
round them 

Sut h IS the story of the birth of ferro-concretc 
Perhaps it is legendary m some of its details, 
but it is certain that Momer made flowerpots 
and water basins of reinforced concrete, that 
he had tm.agination enough to see possibilities 
in the material he had created, common sense 
enough to patent his invention in 1867, and 
sufficient business acumen to sell the German 
lights in 1884 to a company which publicized 


the new material in a brochure, and quickly 
exploited its use for buildings, public works and 
railway structures. 

A YOUTHFUL INVENTOR 
Meanwhile in England a precocious London 
schoolboy, not yet fifteen years old, had taken 
out the first patent in the world for a method 
of reinfoicing concrete so as to render it suitable 
for building This was Joseph Tall, in his youth 
famous throughout Europe and beyond, in his 
old age forgotten, obscure and [lovcrty-stricken 
Tall was only fourteen when he conceived 
the idea of using a lattice-work of hoop iron, 
very similar to that used today, for strengthening 
concrete for use in floois His mother and other 
relations promptly assisted him to patent the 
idea and set him up in business 

Within a lew months he was building, at 
Bexleyheath in Kent, the first reinforced 
concrete houses m the world They were not 
a success, but this- did not daunt the young 
inventor He built olhei houses at Gi.ivesend 
which excited admiiation, and soon had [iiople 
all over the coumiy talking about liis luw 
building material 

His business incuased rapidlv He set up a 
l.artory m .Southwark which attracted an 
inci easing stie.iin ol visitors Gharles Dickens 
came 111 company witli the great srieiitisi, 
Thomas Henrv Huxley, and latei Roy.iltv in 
the [XTson ol the Prune of Wales (afttiwaids 
King Edward VII) was shown over the woiks 
Bclore F.ill was twenty he was building 
bhxks ol flats in Pans for Napolton HI 
Flmpcror til llie Fiench, by the time he was 
twenty-one he had made a lortune of /'30,0()l), 
built conciete buildings all over the Unitnl 
Kingdom and exhibited his process all ov<i 
Euiope. 

PENNH-ESS AND DESTITUTE 
Then came disaster A company was formed 
to run his business; things went w'roiig, and at 
twenty-five Tall found himself penniless, with 
no means of making a (resh start. His patents, 
ofw'hich he had filed more than a score, began 
to lapse, and he was forced to take work as a 
painter and decorator. 

Increasing age brought unemployment. He 
tramped England in search of work, slept five 
nights on the Embankment in London — that 
last reluge of the utterly destitute — and on on< 
occasion at least received charity from a woman 
whose house he had built. 
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REINFORCING STEEL IN BOULDER DAM 

Steel rods with a diameter of one and a quarter inches in position at the base of one of the intake-towers 
on the Nevada side o) the Colorado River above the Boulder Dam This enormous nelwoik of steel-reinforce- 
ment gives an idea of the pressure to which the intake-towers, through which the water passes to the turbines, 
ure subjected. Completed in February, 1935, the Boulder Dam is the second largest structure oj its kind. 
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DRIVING A CONCRETE PILE 
A tube-pile, two feet in diameter, being driven 
into a river-bed to form a foundation for a bridge 


Meanwhile the material which he had in part 
at least invented, and which he had done so 
much to popularize, was making its w'ay across 
the world with giant strides At the Pans 
Exposition of 1890 many' remarkable sliuctures 
in reinforced concrete were exhibited, in 1892 
the work ol the great builders Hcnnebiquc and 
E. Coignet began'; lietween 1892 and 1899 
Hennebique used reinforced concrete in some 
three thousand constructions, including build- 
ings, bridges, reservoirs, walls and stairways. 

STONE AND STEEL COMBINED 
By 1900 the Age of Concrete was fairly 
launched, though its greatest triumphs were 
yet to come 

Reinforced concrete combines the charac- 
teristics of both stone and steel, and it can 
therefore fulfil the functions of both Moreover 
It has one great quality which neither stone 
nor steel alone possesses • extreme flexibility. 
It can be moulded mto almost any shape or 
form without the introduction of joints and yet 
be extremely strong 


When first used in Britain, reinforced concrete 
was mainly employed in the construction of 
floors and flat roofs in steel-frame buildings. 
Later it began (o oust steel lor the framework 
of buildings whose walls were of brick; and, 
later again, buildings began to appear made of 
reinforced concrete alone, 

EARLS COURT EXHIBITION 

By far the most remarkable reinforced concrete 
structure in England is the new Earls Court 
Exhibition Building, which was started in 
January 1936, and completed m the summer of 
1937 About three thousand men were continu- 
ally employed on the sue throughout that 
pciiod One of the largest buildings of its kind 
in the world, three or more exhibitions can be 
held there simultaneously It was planned by 
and constructed under the management ol an 
American firm with wide expciience in the 
(rection of such bliildings The total cost was 
about 1,300, 000 

With a capacity of forty-five million cubic 
feet. It can provide seating accommodation 
lor thirty thousand people The building 



REINFORCED CONCRETE AQUEDUCT 
A reinforced concrete aqueduct being consti ucted for 
the £3,000,000 Calloway hydro-electric scheme. 
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ROOFING A SCOiriSH AQl 1 DL'CI 

Woikm^ on the aquedint which council'- the Doon onti Oetmh uimiels in ilic Cn/loway Imlro-elediit scheme, 
completed m 1936 The aqueduct n two hiitiJnJ feet km% its mleiiiul diumeter n over fomteen feet. 


Itself occupies c>\Li nine etcu'S, and there is an aird the in.muliK luie ol twciitv-lour thousand 
acre of open space in llont ol earli ol its main five liuridied cuhic \aids ol icinfotced concrete 
entrances. Ihc site covers four iail«a\ Hacks, Although the vhole ol the above-ground pait 
a ciicumstancc that added enomiouslv to the ol th< hiiildnig except the lool is of concietc, 
difiiculty ol the technical piobleins the archi- no lewei than seven niillton sand-hine bricks 
tects and engineers had to solve The building and one million common bricks weie used, 
ts tiiangulai in shape, with frontages ol b<*tvseen The lool called loi two thousand scjuares ol 
seven hundred and nine hundred Icet Its asbcstos-cenient tiles Ihe budding contains 
greatest height is one hundred and eighty ovci one million Icei supei ol llooring, nearly 
feel. fourteen miles ol stair treads, and tv o thousand 

WORLD’S LARGEST GIRDER doois. 

The railway tiacks are siwnned by sixty HliGE STEEL ROOF 

reinfoiced concrete girders, each of which 'Ihe ground floor is occupied by restaurants, 
supports from one to six of the foundation kitchens, scivice looms and storage rooms; the 
columns. The shortest girder is forty-nine feet mam floor is entirclv given over to exhibition 
long. The longest has a clear span of ninety- pui poses. The central arena, measuring 412^ 
seven feet; a width of 18i feet and a depth of Icet by two hundred and fifty feet, has no 
feet. It carries a weight ol five thousand supporting columns and is covered by one o 
three hundred tons and is the largest girder the finest and largest single-span steel roofs in 
evet constructed. existence 

The foundations called for the excavation of Let into the floor in the middle ol the ^tena 
one hundred thousand cubic yards of material is a swimming pool measuring one bundled 
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and ninety-five feet by ninety-five feet and 
with a water capacity of two and a quarter 
million gallons. It has a false steel bottom which 
can be lowered to different depths in the water, 
raised to floor-level to form part of the floor, 
or raised above floor-level to form a platform 

LARGEST INDOOR AMPHITHEATRE 

Thirty-two feet above the main floor is the 
firet floor, containing two spacious halls, 
which are separated from the mam arena by 
rolling steel shutters Between the main and the 
(list floors, and around two sides of the building, 
IS a me/zanine floor containing restaurants, 
kitchens and lounges 

The second floor, thirty-two feet above the 
fii'st, seiwes as a balcony round the pcimanent 
reinforced concrete seating that extends round 
three sides of the aiena and provides tieis of 
seats to accommodate five thousand people 
The seating can be extended down to the main 
floor by tiers of removable seats winch increast 
the seating capacity to twenty-thtee thousand 
No other indoor amphitheatre in the world has 
so gicat a capacity 

Access to the uppei floors is gained by five 
passengei lifts, six escalators, twenty-six mam 


staircases, five goods lifts and three lorry liftsy 
Great care has been taken in the designing 
of the longer staircases round the Exhibition 
area. Each stairway is double, providing lor up 
and down traffic I'he overall width is 10 J lect 
and theic arc two landings every eight ieet 
The roof of the centraf arena has a length of 
41 24 Ieet and a span of two hundred and fifty 
feet The main steel trusses ol the roof have one 
end fixed and the otht r sliding on a plate. 

PAVIITON AT BEXHILL 

One ol the most striking ol the buildings 
recently elected in Britain is the De La Warr 
Pavilion, Bcxhill Built as an Entertainment 
Centre, tt is divided into ihiee main parts 
a laige iheatie with seating accommodation 
lor one thousand tliiec luindred and fifty 
persons, a lest.iurani and libiary, and a mam 
entiance hall connecting the preceding 

Clonstrutled on a welded steel liame, it was 
the first building ol its kind m the Biitish Isles 
The m.iin walls consist of two fhit knesscs ol 
rcinfoiced concicte with an air sprice betwien, 
and .nc eovered cMcniallv in crc.un-eolouicd 
eenicnl 

Remloiced coiiciftc is .is suitable lor hospital 



WORKERS’ FLATS IN VIENNA 

One of the most remarkMe of the blocks of hw-rent, modern flats constructed by the Socialist authorities 
of Vienna. It provides accommodation for no fewer than six thousand people. 
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construction as for the building of places of 
amusement. The great new Kent and Canter- 
bury General Hospital is a reinforced concrete 
framed building. Its most sinking feature is 
its unusually large window area 

Many of the magnificent blocks of luxury 
flats which have sprung up in London within 
the last fifteen years are of reinforced concrete. 

Pullman Court, Streatham, S W , was con- 
structed of reinforced concrete because, as its 
architect, Frederick Gibberd, pointed out, 
“ It proved more economical and flexible than 
any othei building material with which it 
was compared ” 

WORKERS’ FLATS IN VIENNA 

7’he frame is of reiiifoi ced concrete The 
outer walls, of the same material, are only four 
inches thick, but they do not carry any weight, 
serving merely as a protection against the 
elements 

The site covers an area of 2J acics and has a 
frontage to Streatham Hill of two hundred and 
filty-eight feet The blocks are set well back 
Irom the road, and all hving-tooms and hed- 
looms are open to the sunshine 

The .icute housing shortage in post-war 
Vienna i\a.s met by the construction ol numerous 
lilocks ot w'orkers’ flats By the end of 1932 



PALACE OF THE SOVIETS 
T/ie architect's drawing for the eight-hundred-feet- 
^'Sh building which will eventually dominate Moscow. 

M M — N 



RHEIMS CATHEDRAL FLOODLIT 
Badiv damaged bv shell fire during the World War; 
restoration with reinforced concrete completed in 1938. 


sixty thousand dwellings of this type, had been 
built Most of ihi m are m buildings of from 
three to five storeys Many of them have 
kindergarten schools wbeie the children arc 
taken care ol while their parents are at work 
Similai schemes, though on a less lavish scale, 
w'erc earned out in Berlin and other German 
cities prioi to the Hitler regime. 

MODEL HOMES FOR LONDONERS 
One ol' the most up-to-date blocks of workers’ 
flats in London is Kensal House, on the west 
side of Ladbroke Grove The tenants, who 
weie transferred from a slum area of North 
Kensington by the Kensington Council, pay 
I crus of from 9s 6d tolls 6d. a week. There 
are sixty-eight flats, a nursery school, a recrea- 
tion room, a social club and a children’s 
playground. 

Opening off the living-room of each flat 
there is a tiny balcony with a built-in concrete 
flower-box. The balconies have been carefully 
constructed to admit the maximum amount 
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of liglit an4 air, and yet afford a large measure 
of pnvacy to those who use them. In this last 
detail they differ radically from old-fashioned 
balconies. 

The kitchens are small but scientifically laid 
out and fitted with many labour-saving devices. 
Off each kitchen is a drying-balcony, where 
washing can be hung up to dry neatly and out 
of sight. 

The nursery school is the most remarkable 
feature of Kensal House With accommodation 
for sixty children between the ages of two and 
five years, it relieves working mothers of any 
anxiety for their offspring while they are at 
work. 

BEAUTIFUL MODERN CHURCH 

The buildings were constructed on reinforced 
concrete frames, and have external walls of 
the same matenai. 

How reinforced concrete may be made to 
produce a beautiful modern Gothic church 
can be seen m Vancouver, Canada. The new 


church of St. James, designed by Adrian 
Gilbert Scott, replaces a wooden structure 
which was the first ecclesiastical building to 
be erected in Vancouver. It is not remarkable 
for size — it only seats six hundred — but is a 
magnificent example of the perfect mating of 
the Gothic spirit with modern materials. 
Situated on a ndge, with the snow-covered 
Rocky Mountains as a background, it can be 
seen to best advantage from the harbour. 

HOSPITALS OF REINFORCED CONCRETE 

In Australia, on the other side of the Pacific, 
there are several interesting reinforced concrete 
hospitals That of the Sisters of Mercy m 
Melbourne was the first Australian building to 
have concrete cantilever balconies. Finely 
situated on high ground overlooking park land, 
and within easy reach of the “ Harley Street ” 
of Melbourne, it has one hundred and twenty 
beds 

The Gloucester House Ward of the Royal 
Prince Alfred Hospital, Sydney, is anothei 



REINFORCED CONCRETE QUAY ON THAMES 
Work In progress on a nev quay in the Royal VtcWrui Docks, London, in May, 1938. TTie majority of 
modern quays, docks and breakwaters are largely constructed of reinforced concrete. 
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CARRYING ROAD AND RAILWAY 

The Albert Louppe Bridge, near Brest, in France, one of the most interesting examples of reinforced concrete 
bridge construction Each of its three huge arched bays has a clear span of 590t feet. 


example of up-to-the-minute reinforced con- 
crete Australian hospital construction It has 
hollow terra-cotta block floors and non- 
structural brick outer walls. This ward, an 
extension of the public hospital, has accommo- 
dation lor one hundred and sixty patients 
Over a million cubic yards of concrete were 
used m the construction of the new Singapore 
Graving Dock, which was opened in February 
1938 The dock is one thousand feet long, one 
hundred and thirty leet wide at its entrance, 
and has thirty-five feet of water at low tide 
Places of entertainment and churches, lios- 
pitals and flats, graving docks and bridges all 
come alike to the reinforced concrete designei 

FINE FRENCH BRIDGE 

One of the most intcresling reinlorccd con- 
crete bridges in the world is that known as the 
Albert Louppe, five miles east ol Brest, in 
France. It has three huge reinforced concrete 
arched bays supported by two piers built in 
the stream and two abutments on the banks 
Each arch has a cleat span of 590^ feet 
The bridge crosses the estuary of the Eloni 
between Brest and Daoulas, where the river is 
alxiut half a mile wide. It carries the road 
from Brest to Sizun, as well as a single-track 
railway. The roadway, 26J feet wide, is earned 
on an upper deck above the thirtv-onc-feet-wide 
railway track. There are separate approach 
viaducts at each end for the railway and the 
roadway, each viaduct being 426J feet long. 

The total cost of the bridge was about 
;C250,000, and it called for twenty-six thousand 
cubic yards of concrete and one thousand two 
hundred tons of steel bars for reinforcement. 
The position of the bridge added considerably 


to the difficulties of the engineers. To the west 
it IS open to the full fury of south-west gales; and 
the variations between high and low tide in the 
vicinity are among the biggest in the world. 

One of the most interesting features of the 
constructional work \' as the use of a caisson 
or diving bell made of reinforced concietc and 
weighing nine hundred tons, which when 



BRIDGE DELIVERED BY RAIL 
Assembling a reinforced concrete bridge at Hounslow. 
It was conveyed to the site by train. 
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completed on the south bank was floated across 
the river to the site of the north pier. The caisson 
was in two sectionSj the lower of which eventu- 
ally formed part of the south pier, the upper 
section being knocked away after it had ceased 
to be useful in constructional work. The 
working chamber of the caisson measured 6J 
feet deep, fifty-nine feet long and fifty-two feet 
wide. 

DARING FEAT OF ENGINEERING 
The caisson was sunk into its first position on 
prepared scatings by the gradual admission of 
water After it had been placed firmly in 
position compressed air was pumped into the 
working chambei, which workmen were then 
able to enter The chamber was filled as high 
as possible with concrete in stages, and after 
the hardening of each layer of concrete, the 
w'hole caisson was raised by aid of Tangye 
hydraulic jacks The height thus gained was 
filled by the insertion of pre-cast concrete disks, 
and the process was continued successively 
When the pier had been raised sufficiently 
to allow of work being conunued on it, between 
tides, without the aid of the caisson, the caisson 
was unballasted, refloated and towed away to 
the southern pier site, there to be grounded 
in Its final position, and filled up with concrete 


These operations, carried out successfully on 
a site exposed to angry waters, are among the 
most daring in engineering history. 

Another interesting feature was the construc- 
tion of the three-arch spans. They were built 
on a temporary “ falsework ” span which 
bridged the gaps between the piers at one 
bound without any intervening support. 

This falsework was mainly of timber and 
reinforced concrete It was built on the shore 
of the estuary some hundreds of yards up- 
stream from the bridge Its extremities rested 
on two concrete barges so that when the time 
came to move it, it was floated dowmstream and 
manoeuvred into position by tugs When in the 
desired position its ends were connected to the 
permanent spnngings by ties and raised into posi- 
tion by jacks, the barges then being towed away. 

FINE NEW BRIDGE IN SWEDEN 

The falsework in position, concreting was 
then carried out Alter it was finished the tein- 
piorary arch ivas towed away to be placed in 
jKisition for the middle span 

Anothei icmarknble reinforced concrete 
bridge is the Tiancbcigssund m Stockholm. 
The budge crosses the main shipping loute rn 
the strait and is designed to give a fret height 
above mean water-level ol eighty-five feel 



TANK TO HOLD ONE MILLION FIVE HUNDRED THOUSAND GALLONS 
Twelve hundred barrels of cement were used in building this huge fihered-water tank at Camas m the United 
States. Constructed entirely of reinforced concrete, It has an inside diameter of one hundred and six feet. 






SKYSCRAPERS OF NEW YORK 

The spire-surmounted skyscraper in the centre i\ the Chrysler Building, the second tallest in the world. It 
ts one thousand and thirty feet high, and is crowned with a pyramid of stainless steel. 


The arch has a span of five hundred and 
ninety-four feet and its two viaduct-, are seven 
hundred and forty and lour hundied and 
eighty feet long respcttivelv The bridge is 
ninety feet wide and cames a double railway 
track, a roadway for foui lines ol traffic, and 
two footpaths It contains about thirty thousand 
cubic yards of concrete and one thousand seven 
hundred and fifty tons ol steel joists. 

Although reinforced concrete was being used 
in the United States in the seventies of the last 
century — the Ward Mansion, New Yoik, built 
in 1875, was of this material — the Anierican 
skyscraper proper is not of reinforced concrete 
but of structural steel. 

FORERUNNER OF THE SKYSCRAPER 

In 1853 the New York building that housed 
the publishing firm of Harper & Brothers was 
burnt down with a loss of some £'300,000 
I'he directors determined that such a disaster 
should never befall them again and in an 
attempt to provide themselves with a fire-prool 
building they used wrought-iron floor beams. 
Never before had that been done . it pointed 
the way to the skyscraper of the nineties. 


I'he Harper building was ol six stoicys 
At that time few builders dared to build 
higher, not because it was beyond their powers 
to do so, but because the ascent of six storeys 
IS about as much as the human leg can stand 
Owners found it very difficult to let offices or 
apartments above the fouith floor. 

INTRODUCTION OF THE LIFT 
All this was changed with the introduction 
of the steam lift in the sixties. The first sus- 
pended elevator, worked by steam, was installed 
in the St James’s Hotel, New York, in 1866. 
Not long afterwards ten-storey buildings began 
to appear Many years before the skyscraper 
appeared the French architect, Le Due, penned 
these words . “ A practical architect might 

not unnaturally conceive the idea of erecting 
a vast edifice whose frame .should be entirely 
of iron, enclosing that frame and preserving it 
by means ol a casing of stone ” 

This sentence inspired a Minneapolis archi- 
tect named L. S. Buffington to dream dreams 
about vast edifices with steel frames. And he 
not only dreamed he began to design multi- 
storeyed buildings about the year 1880. These 
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were the first skyscrapers, but unfortunately 
for Buffington they existed only on pajier. In 
1888 he obtained a patent for the construction 
of a twenty-eight-storey steel-frame building; 
but this building never came into existence. 
Moreover, three years earlier the first skyscraper 
had been completed in Chicago. 

Within twenty years structures of this type 
were to be found all over the United States of 
America ; buildings the like of which, both 
for size and novelty of design, the world had 
never before beheld. 

SKYSCRAPER WALLS SUPPORT NOTHING 

The skyscraper differs from every building 
that has preceded it m that its walls supjxirt 
nothing • they are merely outer coverings for 
protection against the elements, the building 
being supported entirely by its framework of 
steel. 

This difference is of as much — if not more — 
importance to the owners as to the designers 
and builders. In houses of the ordinary wall- 
supported type it is necessary to lay out all the 
floors on the same general lines, since all the 
main supporting walls have to be earned 
straight up from the foundations to the top of 
the building. In a skyscraper, where the steel 
frame does all the supporting, it is possible to 
have a totally different lay-out for every floor 

Moreover, while extensive intenor alterations 
can be carried out in the ordinary house only at 
the cost of great difficulty and expense, they can 


be effected easily and cheaply in a skyscraper, 
because each floor is bmlt independently. 

What were the inventions, discoveries and 
improvements iil techmque that made the 
skyscraper possible? 

First and foremost there were the great 
advances made in the methods of manufac- 
turing steel Before the seventies Britain was 
far in advance of the United States in the 
manufacture of steel, but in 1873, Andrew 
Carnegie, who had acquainted himself with 
the Bessemer process of steel manufacture and 
had even made friends with Sir Henry Bersemer, 
the English inventor of that process, began to 
concentrate on steel production “ He put all 
his eggs in one basket, and then watched that 
basket,” to quote his own phrase. 

AN ORGANIZER OF GENIUS 

Carnegie was neither an inventor nor a 
discoverer, but he was an organizer of genius and 
he knew the value of “ surrounding himself 
with men far cleverei than himself.” Among 
his associates was Captain Bill Jones, a steel- 
maker of unrivalled skill and resource And 
there were many others whose genius combined 
to enable Carnegie to turn out the finest steel 
in the world. 

This steel w,as used bv railway engineers and 
by bndge builders, and it was when the know- 
ledge of the properties of steel gained in bridge 
building became available to the architect and 
to the builder that the skyscraper was born. 



CONTROL TOWER OF RAND AIRPORT 

The massive control tower and graceful concrete bakonies of Africa's greatest airport. The building is 
fitted with the latest equipment, and possesses what is reputed to be the largest clock in the world. 



AIRPORT SHAPED LIKE AN AEROPLANE 

The new Rand Airport at Johannethnrg, South Aft tea, the second largest in the British Commonwealth, was 
constructed m the shape of an enormous aeroplane, even to the undercarriage and wheels. 


The first skyscrapter, the Home Insurance 
Company Building at the junction ol Adams 
and La Salle Stiects in Chicago, was designed 
by W L B Jetincv Its ten storeys were 
completed in 1885, alter eighteen months' 
work. Later on two more stoieys vine added. 

BUILT OF STEEL BEAMS 
The floor-beams of the lower part of this 
building were ol wrought iron, but those of the 
upper part were of steel, inanufactuied by the 
Bessemer process by the Cai negie- Phipps Steel 
Company of Pittsburgh They w'erc the first 
structural steel beams to be used in house 
building. 

The architect is indebted to the bndge 
builder for another part of the technique of 
skyscraper building : that of laying foundations 
Reinforced concrete caissons, similar to those 
on which the piers of bridges rested, were the 
foundations on which skyscrapers were raised. 
The first man to take the caisson out of the 


water and place it on land was Francis H. 
Kimb.ill, .1 distinguished American architect. 

We have already noticed the impetus that the 
invention ol the steam lift gave to high 
building The electric lift largely depends lor 
Its elhcicncy on >et anothei product of bridge 
building — the wire rope, which was invented 
by Roebhng, the d signer of Brooklyn Bridge 
jenney's first skyscraper was quickly suc- 
ceeded by others, among which the Tacoma 
Building, Chicago, may be noted. It was com- 
pleted in 1889 

SKYSCRAPERS THAT SANK 
It will thus be seen that Chicago, not Nev' 
York, was the skyscraper’s birthplace. It is 
remarkable that this should have been so since 
in Chicago it was necessary to build on mud and 
sand with a foundation-laying technique that 
would excite the ribald mirth of modern 
engineers Many of the early skyscrapers took 
years to settle down, and some of them stink 
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as much as a foot. We must admire the courage 
of their first builders. Such things had never 
been done before, and the only way to learn 
was from experience. 

Today a thirty-four-storey skyscraper, costing 
500, 000, can be erected in fifteen months 
The steel frames are erected at the rate of four 
floors a week and the brickwork at the rate of 
three floors a week. Every year between one 
hundred and twenty and one hundred and fifty 
new skyscrapers spring up in America. There 
are now over four hundred buildings of more 
than twenty storeys and five thousand of more 
than ten storeys in that country. 

NOT BUILT TO LAST 

Skyscrapers are not built to last. Their 
expectation of life is from twenty-five to forty 
years This is because their buildei's reckon 
that after about thirty years the time has come 
to put up a bigger and better building on the 
site No American skyscraper has evei collapsed 

About 500, 000,000 a year is spent on sky- 
scrapers in the United States More than half 
this money is paid in wages. American workmen 
arc paid from three to five times as much as 
their colleagues in Britain; and they certainly 
earn every dollar they receive. 

No matter how bad the weather may be work 


must go on, since a building must always be 
finished to schedule. When it rams or snows 
tarpaulins are erected and the men carry on, 
clad in thick wo»llens and mackintoshes. 

The work is always difficult and often 
dangerous. It is said that few American steel 
erectors go for more than five years without 
having a serious accident. 

HOUSES THAT ARE TOWNS 

Many of the mammoth buildings that have 
arisen on American soil within the last forty 
years are very much more than buildings. 
With a day-time population of ten oi fifteen 
thousand, and containing offices, shops, 
theatres, cinemas, churches, swimming baths 
and gardens, they can be called towns without 
any exaggeration 

In New York it is possible for a business man 
to get up in the morning, go to the office, have 
his morning coffee, take pait in .i lunch party 
at his club, visit the news cinema, go home 
to dinner and after that to the theatre and a 
night club without ever entering the street 
Indeed it would be possible foi him to spend 
months on end m his skyscrapei without ever 
having any need to go out. 

The living apartments in the topmost storeys 
might be hundreds of miles Irom a great citv 



HEADQUARTERS FOR BRITAIN’S AIR FORCE 
Workmen fixing steel bars during the construction of the gigantic nine-storey Mavfair building, the lease 
of which mw acquired by the Air Ministry in 1938, The house has eight acres of floor space. 
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LAYING A CONCRETE FLOOR 

Spreading connete over a network of steel bats to make one of the floors of Berkeley Square House, 
headquarters oj the Air Ministry. The building nai completed aftet only twelve months work. 


No noisp penetrates to them From their 
windows magnificent views ma\ be obtained, 
especially in New York The air is perlectly 
pure Swift-moving lifts take then occupants 
to quiet gardens on the roof 

All the windows of a modei n skyscraper 
b( low the tenth floor ait jK'rmancntly sealed 
Air IS supplied from above It is sucked in 
high above the city streets and onlv aftci it has 
been cleaned and eithei w^armed or cooled to 
the most desirable temperatuic is it sent 
circulating through the building The an 
IS renewed every few minutes so that the 
inhabitants of the skyscraper habitually breathe 
sweet pure air. 

INSPIRED BY GOTHIC CATHEDRALS 

All skyscrapers are centrally heated, the heat 
being diffused throughout all the rooms and 
corridors of the building. 7’he most modern arc 
sound-proof and are lighted with a scientific 
regard for the eyes of their inhabitants. The 
drainage systems and sanitary arrangements 
are, generally speaking, pleasanter and more 
efhaent than are to be found in any other type 
of building. 

The first of the great skyscrapers was the 
SIX hundred and twelve feet high, forty-seven 


storey Singer Building, New York Soon after 
It came the .seven hundred and ninety-two feet 
high VVoolwonh Building tvhich, although 
completed in 1913, is still in some respects the 
most lemarkable structure in New York Its 
designer, Cass Cilbert, drew his inspiuiuon 
from the great Cothic cathcdials of Europe. 

TEN MILLION VISITORS A YEAR 

The day-time population of the Woolworth 
Building is no less than fifteen thousand, and 
more than ten million people visit it every yeai. 
Its thirty acres of floor-space are lighted by 
five thousand windows The staff employed 
to service the building numbers thiee hundred, 
among whom are firemen, policemen, plumbers 
and electricians. 

Twenty-nine electric lifts are continually 
passing up and down at amazing speed from 
the ground floor to the fifty-fourth floor. 

The Chase National Bank Building in New 
Yoik rises to a height ol lour hundred and 
eigfity feet, and of its foity-thrce storeys, 
thirty-eight are above street level and five 
below it. Built on an L-shaped site which gave 
the architect plenty to think about, it presents 
one ol the most striking of the city's silhouettes. 
The building was completed m August, 1928, 
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about twenty-one months after the purchase 
of the site. An idea of its size may be gained 
from the fact that the telephone-exchange for 
the Bank, which only occupies part of the 
building, IS as large as that needed to serve an 
American town with a population of two 
hundred thousand. 

The tallest building in the world is the one 
thousand two hundred and fifty feet high 
Empire State Building, in New York. With a 
capacity of thirty-six million cubic feet, it 
required for its erection fifty-eight thousand 



“LIKE A GREAT SYMPHONY” 

'The tower of Pittsburg University has forty-two 
storeys and is over five hundred feet high. 


tons of steel, seventy thousand cubic yards of 
concrete, two million cubic feet of limestone, 
three million bncks and three million square 
feet of wire mesh. It was opened for use in 
April, 1931, only slightly more than a year 
after it had been begun. The building is 
topped by a mooring mast for airships. 

The Chrysler Building, New York, is the 
second tallest in the world It is one thousand 
and thirty feet high and is crowned with a 
pyramid of stainless steel 

The Rockefeller Centre, New York, which 
was completed in the amazingly short space of 
fourteen months, is claimed to be the largest 
group of buildings. 

CATHEDRAL OF LEARNING 
Superlatively beautiful is the home of 
Pittsburg University, the tallest structure of 
Its kind, and a veritable cathedral of learning. 
Its magnificent tower has a height ol five 
hundred and thirty-five feet, and within it are 
one hundred and thirty-nine laboratories, 
ninety-one classrooms, and thirteen lecture 
rooms. 

The classrooms on the main floor have been 
built lor the various national groups that make 
up the population of Pittsburg Through ihe 
design of the imeriot detail the cultural back- 
ground of the groups are expressed. Among 
the cultures represented are English, German, 
Norwegian, Swedish, Italian, Czechoslovak, 
Jugoslav, Polish, Hungarian, Rumanian, 
Russian, Greek and Chinese 

The campus of the University is situated on 
high giound some three miles from the “ Golden 
Triangle,” Pittsburg’s principal business district. 

EXPRESSING SPIRIT OF UNIVERSITY 
The design of the structure had to satisfy 
“ the desire lor economy, pei rnanence of con- 
sinirtion, and educational effectiveness ” The 
result was a lofty building that “ would express 
through the characteristic qualities of Gothic 
architecture the spirit oi purpose of all that 
should go on within a University ” 

It realized the dream of the Chancellor who 
foresaw a structure “ like a great symphony ” 
“ Forceful, unafraid, sublime with a sense of 
upwardness . . . The immeasurable quantity 
ol Its lift, buttress after buttress rising but 
never arnving in a spire, will suggest force 
enough to . . . make us apprehend that the 
power to create and achieve is the source of 
the value of education and of life.” 



SUPPLYING THE NEEDS OF EIGHT MILLION CUSTOMERS 
The largest of the generating plants supplying electric current to the “ Grid,” Barking has an Installed 
output of nearly half a million kilowatts. It Is one of one hundred and fifty-five power stations. 


FIRE OF 

T wenty-seven thousand miniature Eiffel 
Towers stand like steel scntiics at as many 
points in the United Kingdom These 
pylons, as they are called, carry over four 
thousand miles ol cable for supplying electricity 
to over eight million consumers. The Fire ol' 
Heaven of the old Greeks has been captured 
and put to work. 

Sixty years ago the electrical industry, now 
the fifth in importance in Great Britain, and 
giving employment to over three hundred 
thousand persons in that country alone, was 
only in its experimental stage, for the dawn of 
the Electric Age took place in the late seventies 
of the last century with the birth of the first 
successful incandescent lamp and the dynamo 
electric machine. Before the invention of the 
latter the only practical way of producing 
electric current was by means of primary 
batteries, a method useful only on a small scale. 

What IS electricity? What is the mysterious 
“ something ” which man has learned to har- 


HEAVEN 

ness and which aids him in a thousand and one 
things’ The question cannot be answered 
because the secret has not yet been revealed. 
Man only knows its effects 

One thing is certain We should not have 
had electricity at our command as we now have 
it but lor the discovery over two thousand 
years ago in Magnesia in Asia Minor of mag- 
netite, an oxide ol iron which has the remark- 
able property of attracting other pieces of the 
same mineral in precisely the same way as a 
magnet attracts objects of iron and steel. 

Magnetite, or loadstone as it was then called, 
was the first natural magnet and the forerunner 
of the present-day magnet upon which the 
working ol dynamos, motors, telegraphs, tele- 
phones and other electrical devices and 
apparatus depend. 

Many hundreds of yean passed before an 
unknown experimenter found that if a fragment 
of loadstone were suspended by a thread it 
would tend to point north and south. This 
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discovery gave rise to the first mariner’s 
compass. The north seeking pole of a magnet 
IS c^led the north pole and the south seeking 
one the south pole. 

There are other impiortant properties of a 
magnet. For instance, if a piece of steel is 
magnetized by stroking it with a magnet from 
end to end in one direction only, the piece of 
metal so treated will retain its magnetism 
indefinitely, while a piece of softer iron similarly 
magnetized will only retain a very minute 
quantity. For this reason permanent magnets, 
used extensively in magneto machines, elec- 
trical measuring instruments and the like are 
always made of steel — hard tungsten steel in 
many instances. 

POWER OF A MAGNET 

The attractive power of a magnet is greater 
at the ends or pioies as they are called, and 
diminishes towards the centre or magnetic 
equator. Like poles repel each other and unlike 
poles attract, while the effect of breaking a 
magnet into parts is to make each part an indi- 
vidual magnet with a north and south pole 


In 1820 Hans Christian Oersted, a Dane, 
discovered that if a magnetic needle is suspended 
above a horizontal wire carrying a north to 
south current, the north seeking pole of the 
needle turns westwards; suspended below 
eastwards; suspended on the west side the 
north end dips, on the east side it rises, thus 
proving that when a current flows through a 
conductor it produces what is known as a 
magnetic field. 

USED FOR SMASHING SCRAP 
Five years later William Sturgeon, an 
Englishman, introduced the first electro-magnet. 
He wound a length of insulated wire round a 
piece of soil iron, sent a current through it, and 
found that not only did the electro-magnet 
behave exactly like an ordinary permanent 
magnet, but the strength of the magnetic field 
was considerably greater Further, on switching 
off the current, the magnetism immediately 
disappeared The electro-magnet is the basis 
upon which practically all electro-mechanical 
devices work. 

Some time afterwards Joseph Henry, an 



RIVER HARNESSED TO GIVE LIGHT 

A Section of the huge power house of the Shannon Power Scheme, near Lime nek. By this scheme the River 
Shannon now provides light and power for the whole of Eire, 
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MILLION-VOLT X-RAY 
Used for the treatment oj cancer, this huge generator 
belongs to the California Institute of Technology. 

American, constructed an experimental electro- 
magnet weighing about sixty pounds which 
could lift a ton. Today there arc monster 
commercial electro-magnets capable of lifting 
many tons of iron and steel 

Large electio-magnets are also used for 
breaking up scrap iron in steel works and 
foundries. The energized cup-shaped magnet 
lifts a huge steel ball or crackci weighing many 
tons to a sufficient height above the scrap heap. 
The current is then switched off and the 
cracker released, smashing the metal into a 
thousand fragments The magnet is lowered, 
the current is made to traverse its coils, the 
cracker lifted again, and so on 


LIGHTNING IN SPIRALS 
This picture is unique Lightning of this kind is 
rarely seen and had never before been photographed 
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WELDING BY ELECTRICITY 
Electric welding, a highly skilled lob, can be carried 
out with either alternating or direct current. 


Eleven years after Oersted’s all-important 
discovery Michael Faraday, son ol' a black- 
smith, was working with an electro-magnet 
having two separate coils. He found that when 
current traversing one of the coils was switched 
on or off a momentary current was induced or 
generated in the other. This made such devices 
as dynamos, motors, transformers and such-like 
apparatus practical propositions. 

STATIC AND CURREIST ELECTRICITY 
Most people know that if a piece of dry 
ebonite rod, such as a fountain pen, is rubbed 
with fur, silk or flannel it acquires the property 
of being able to pick up fragments of paper, 
dust and other material, much in the same way 
as a magnet attracts iron fihngs. Many other 
substances when subjected to friction also 
become electrified, as the ancient Greeks found 
out when they performed the earhcst known 


experiment bearing upon electricity by rubbing 
amber with silk. The Greeks called amber 
electron, and from the word has come the word 
electricity. , 

Electricity produced by friction is known 
as static electricity ; that generated by 
dynamos and batteries, current electricity. The 
former is electricity at rest ; the latter is 
electricity in motion. 

LENGTH OF A UGHTNING FLASH 

Static electricity is analagous to water 
standing idle in a pipe with the tap turned off, 
current electricity may be likened to water 
flowing through a pipe with the tap turned on 
Static electricity has a high voltage or pressure, 
and is small in quantity, current electricity as 
generated in a battery is in a continuous flow 
at low voltage. 

Lightmng is a discharge of static electricity 
between two clouds or between a cloud and the 
earth. A lightmng flash may be anything from 
about half a mile to three miles long, while the 
voltage when the flash occurs may be in the 



TESTING A REFRIGERATOR 
The refrigerant Is tested for poisonous substances 
and electric shock and fire risks are eliminated. 
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ONE OF THE TWENTY-SEVEN THOUSAND 
Qt H’orit OH cm electric pylon* Twenty-seven thousand of these pylons carry the wires wldch distribute 
the current supplied by the “ Grid ” system of Great Britain, 
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neighbourhood of a thousand million volts. 
It lasts in the majority of cases less than one 
ten-thousandth part of a second. 

Static electricity is of little practical use, but 
electnaty in motion enables the engineer to 
utilize It in enormous quantities for propelling 
trains and trams, lighting and heating buildings, 
electro-plating and doing the many other 
things for which electrical energy is employed. 



PIPES FOR POWER 

fp'ater pipes connecting dam with power house on 
the Shannon Power Scheme m Eire. 


The two usual methods of generating current 
electricity arc by the dynamo and the, primary 
battery. The former requires a steam, oil or 
gas engine, water turbine or other jjower 
producer to drive it, while current from batteries 
is generated by chemical action. 

Primary cells are useful when small amounts 
of current are required, such as for working 
liells and telephones, while dynamos are used 
for supplying cuirent to devices requiring 
larger quantities of electricity 

ELECTRIC THERMOMETERS 
An electric current, infinitely smaller than 
that of a pnmary cell, can be produced by 
heating a joint between two dissimilar metals 
such as bismuth and antimony When these 
are connected together by means of a wure to 
form a circuit, a minute current flows in the 
conductor 7'he strength of the cunent so 
produced depends upon the difference of tem- 
perature between the hot and cold ends Such 
a device is known as .i iheimo-coupic, and the 
thei mo-elec trie efiecT is used in a ])tactical way 
for measuring very high tcmperatuies where an 
ordinary meicurv thermometer could not be 
employed 

These electiic ihermometeis, called pyro- 
meteis, aic used extensivclv for ascertaining 
the tempeiatuies of flue gases in boilers The 
pyrometer is placed in the flue and connection 
IS made by insulated wires to a rnilli-voltmetei , 
an instrument for measuring thousandths of a 
volt, the scale of which is lettered in degrees ol 
temperature. 

TWO KINDS OF CURRENT 
Electricity flows through some materials but 
not all Substances w'hich offer an extremely 
low resistance to the flow of current are called 
conductois, those which offer a very high 
resistance, and in fact pass pi actically no current 
at all, are termed non-conductors or insulators 
All metals are good conductois, but copper and 
aluminium are most w'idely used 

Rubber, mica, porcelain, oil, dry wood, dry 
air and other nori-metallic substances are 
excellent insulators Insulators are as important 
for electrical purposes as conductors, for it is 
only by means of the former that the current 
can be confined to a definite path and prevented 
from leaking to earth 

Two distinct kinds of electric current arc 
supplied for lighting and power One of these 
is known as direct or continuous current 
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TURNING NIGHT INTO DAY IN NEW YORK 
Towering skyscrapers dotted with millions of lights surround Broadway, the busiest thoroughJoK of New 
York City. The street is here lit up for the period of Christmas shopping, luindreds of thousands of extra 
candle-power have been added until night Is literally turned into day. 
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BRAIN CENTRE OF THE “GRID” 

The control room in the London building from which the 2,500,000 hp. of the “ Grid ” system in south-east 
England is controlled. From here twelve million people are supplied with light and power. 


because it always flows round a circuit or 
electrical path in a steady stream in one direc- 
tion only The other kind, known as alternating 
current, flows first foi a very short period in 
one direction and then for an equal period in 
the opposite direction. 

It starts from nothing, as it were, and 
gradually increases in strength until it reaches 
a maximum Then it begins to die away until 
no current is flowing, reverses, strengthens to 
a maximum again and gradually fades away, 
thus completing what the electrician terms a 
cycle. 

The number of alternations or cycles the 
current makes every second is known as the 
period or frequency of the current. In Great 
Britain the standard frequency for lighting and 
domestic heating and power is fifty cycles per 
second. 

FIRST ELECTRIC BATTERY 

Continuous currents are necessary for electro- 
plating and accumulator charging, which 
cannot be done by alternating current. One 
of the great advantages of alternating current 
is that it can be transmitted for long dbtanccs 
more economically than direct current. 

The currents produced by cells or batteries 
are continuous currents caused by chemical 
%ction. The first workable electric battery was 
"introduced in 1793 by Alexander Volta, who 


also instituted the unit of electrical pressure, 
called after him the volt 
Volta found that coppei and zinc placed in 
sulphuric acid would generate a continuous 
flow of current when the metals were connected 
externally by a wire in order to form a closed 
circuit Volta’s first battery consisted of alter- 
nate pairs of copper and zinc discs, interleaved 
by pieces of blotting paper moistened with the 
electrolyte, as the hquid component of a cell is 
termed 

POWER FOR FLASH LAMPS 
The primary cell most generally used is the 
Leclanchd. The ordinary wet form consists of a 
glass jar containing a carbon plate and a zinc 
rod immersed in a saturated solution of 
ammonium chloride. The carbon element is 
housed in a porous earthenware pot in which is 
a mixture of manganese dioxide and crushed 
carbon, the top being filled in with pitch. 

The manganese dioxide acts as a depolarizer, 
that IS to say, it absorbs minute bubbles of 
hydrogen which forma a more or less insulating 
film on the surface of the carbon element when 
a current is passing through the cell. The 
crushed carbon being a good conductor, 
reduces the internal resistance of the cell and 
thus enables a larger current to flow. Wet 
Leclanch6 cells are used principally for operating 
electric bells 
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GIANT THAT MAKES LIGHTNING 

A huge apparatus belonging to the research institute of the Siemens-Schuckei t works at Nuremberg, in 
Germany, where experiments with artificial lightning are made. It can attain an electric tension of three 
million volts arul ninety-five thousand amperes. 
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MEMORIAL TO EDISON 
Erected in New Jersey, U.S.A., it bears a replica 
of Edison's first incandescent lamp. 


The scxalled dry cell, used in enormous 
numbers lor of>erating pocket flash lamps, is a 
modified form of Leclanch^ cell. 

After a time the materiab of primary 
batteries become exhausted and must be 
replenished or the battery discarded. This 
drawback is not present in the accumulator, 
storage battery and secondary battery, which 
are different names for the same thing, because 
an accumulator can be recharged by passing 
a direct current into it 

Actually a storage battery does not store 
dcctncal energy as such. When a current is 


passed into the cell, certain chemical changes 
take place in the electrolyte and on the plates 
of the cell, and it is really chemical energy 
which IS stored.^ When the current is discon- 
tinued and the plates forming the positive and 
negative elements of the cell are connected 
externally by a wire, a reverse series of chemical 
changes occur, and current from the cell flows 
in the opposite direction to the charging current. 

IMMERSED IN SULPHURIC ACID 

The type of cell most commonly used is the 
lead-aad type, so called because it consists of 
two lead plates— one forming the positive 
element and the other the negative element — 
immersed in an electrolyte of dilute sulphuric 
acid, contained in an ebonite, glass or other 
acid-proof container Such a cell has a voltage 
of two volts The plates are usually in the foim 
of gnds, and the spaces hold the active materials. 
In a fully charged cell the positive plate is of a 
rich brown colour, the active material consisting 
of lead peroxide The negative plate consists 
of finely divided or spongy lead. 

When current is taken or discharged from 
the cell, the chemical action causes both the 
lead oxide on the positive plate and the spongy 
lead on the negative plate to turn into lead 
sulphate, the sulphuric acid m the solution 
gradually gets weaker, and the voltage falls 
accordingly. When the cell is recharged the 
voltage rises, the electrolyte gets stronger and 



LARGEST ELECTRIC GLOBE 
Made for lighthouses and aerial beacons, these globes 
are of twenty thousand candle-power. 
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HOW THE DYNAMO WORKS P 

The upper cliagiam shows the dynamo along its 
length, for ease of rejetence it has been extended Jf 

like a telescope The researches of Michael Faraday ^ j, 
made the dynamo a practical possibility. ‘ 

^ Shedt 

the lead sulphate is converted back to lead ' 
oxide on the positive plate and spongy lead on ^ 
the negative plate. j 

Like piimary cells any number of secondary ,1 
cells can be connected in senes to obtain anv _ 
desired voltage. DYftA 

THOUSANDS OF EXPERIMENTS | ; ^ 

After thousands of exacting experiments, 

Thomas Alva Edison produced a cell which 
was lighter in weight and dispensed with 


dynamo 


\Carbon 
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sulphuric acid as an electiolyte. 

The plate grids are of steel and carry per- 
forated steel tubes containing the active material 
The positive plate is packed with alternate 
layers of metallic nickel and nickel hydrate, 
while the neg.nive element is packed with iron 
oxide. The electrolyte is a solution of potassium 
hydrate. 

Storage batteries have Important uses. In 
power plants large batteries of storage cells 
are charged when the demand for current is 
light, and when the demand is heavy are used 
in conjunction with the dynamo to carry the 
load. They arc used extensively for operating 
electric light in districts where a public supply 
is not available, in which case the batteries are 
charged from a dynamo driven by an oil engine 
or other prime mover. They are used in large 
telephone exchanges for working telephonic 


apparatus, and on petrol driven motor cars 
for turnishing current ior starting the engine, 
lighting and ignition. In public buildings 
storage batteries are invaluable for emergency 
lighting Submarines when under water are 
driven by powerful electric motors supplied 
with current from "storage batteries. 

CURRENT FOR RAILWAY COACHES 

The electric current for lighting railway 
coaches on steam operated railways comes from 
a dynamo and storage battery fixed underneath 
each coach. The dynamo, driven by a belt 
from a pulley fixed to the axle of a pair of coach 
wheels, supplies the charging current. 

When the speed of the train exceeds about 
twenty-five miles per hour the dynamo generates 
sufficient current to charge the battery and 
maintain the lights. As the speed decreases and 
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BATTERSEA POWER STATION 
Designed by Sir Giles Gilbert Scott, it combines 
utility with architectural beauty. 


the voltage of the dynamo drops an automatic 
switch comes into operation and cuts the 
dynamo out of circuit, leaving the battery 
free to carry on its job of maintaining the lights 
An automatic device regpilates the voltage of 
the lamp current and also cuts out the battery 
when it is fully charged. 

ELECnUOTY ON A LARGE SCALE 

Small battery-operated luggage trucks run 
about at nearly all important railway termini, 
and self-contained electrically propelled com- 
mercial delivery vans are becoming increasingly 
popular. 

Locomotives driven by storage batteries are 
used on the tube railways for transporting 
workmen and equipment when the current 
from the conductor rails is cut off. 

In Great Britain, where an ample supply of 
coal IS available, electricity on a large sctilc b 
produced in power stations by means of 
mammoth alternating current dynamos dnven 
in most cases by steam turbines. In countries 
where there are ample waterfalls the generators 
obtain their power from water turbines. 

Some power stations in Great Britain are 


capable of producing one hundred thousand 
kilowatts of electrical energy, equivalent to 
approximately 130,000 h.p. To produce this 
the boiler furnaces consume some one thou- 
sand tons of coal every twenty-four hours 
and use hundreds of thousands of gallons of 
water. 

From large overhead storage bunkers in the 
boiler house the fuel falls through chutes into 
hoppers in front of the boilers, where it is fed 
evenly and in proper quantities into the furnaces, 
which arc provided with slowly travelling 
grates. In some cases pulverized coal is blown 
mto the furnace. 

USE OF PREHEATED AIR 
Almost as important as the fuel itself is the 
air reqmred for its complete combustion. Some 
sixteen pounds of air are necessary for every 
pound of coal This enormous quantity of air, 
which is preheated before it enters the furnaces, 
is supplied by powerful electrically dnven fans 
Electricity generating stations generally use 
watertube boilers, some of which are so large 
that in an hour they can convert twenty-five 
thousand gallons of water weighing about two 
hundred tons into steam at a pressure of five 
hundred pounds or more per square inch. 

From the superheater the steam passes 
through large steam pipes to the turbine, to 



GENERATOR AT BATTERSEA 
One of the most powerful stations in the world, that 
at Battersea was completed in 1934. 
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DOCTOR FOR A MILLION PATIENTS 

The one million two hundred thousand volt X-ray apparatus installed at the Mercy Hospital Institute of 
Radiation Therapy, Chicago. It is calculated that one ultra high voltage X-ray installation can serve the 
needs of one million two hundred and fifty thousand people. 
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SUNLIGHT FOR HEALTH 
A unit for sun-rav treatment Artificial sunlight is 
being increasingly used to give health. 


which the electric generator is directly coupled. 

A steam turbine is a rotary engine which 
acts much like a water wheel, excepting that 
instead of a few paddles acted upon by watei 
the turbine has thousands of small curved vanes 
driven by a powerful blast of steam. 

HOW A TURBINE WORKS 

The vanes, attached to a large hollow 
cylindrical drum, revolve between similar 
blades fixed to the interior surface of the ctising. 
High-pressure steam enters at one end of the 
turbine, zigzags its way between the fixed and 
the movable blades, and in so doing rotates the 
shaft. Then the steam, having lost its pressure 
through expansion during its passage through 
the turbine, finds an outlet at the other end 
and discharges into a condenser, .where the 
exhaust steam is rapidly turned into water, to 
be used again in the boilers. 

Giant condensers of the surface type are 
usually employed for this purpose. Such a 


condenser consists of an iron chamber contain- 
ing hundreds of thin metal tubes through which 
cold water is circulated by means of powerful 
pumps. The stsam enters the top of the con- 
denser and IS chilled by its passage between the 
pipes till it turns into water The water, 
together with any air, is then drawn from 
the bottom of the chamber by suction pumps. 

HEATING AND COOLING THE WATER 

As It is essential that the feed water should 
be as hot as possible before it enters the boilers, 
the water from the condenser is forced through 
an economizer This consists of a number of 
banks of vertical pipes, and is sometimes 
situated in a chamber at the back of the furnaces 
so that the hot gases which would otherwise 
be wasted play between the pipes and heat 
the water within them 

The circulating water after passing out of 
the condenser is, in some cases, pumped up to 
the top of lofty cooling towers open at top and 
bottom Here the stream is diverted to multi- 
tudes of troughs or channels each provided with 
a number of holes, and falls like a tiopical 
deluge of rain into a miniature lake. 



MOST POWERFUL X-RAY 
Operated at one million six hundred thousand volts, 
this tube is fourteen feet high and weighs two tons. 
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ELECTRICITY ON THE RAILWAYS 

(Top) A French electric tram passing a forest fire (Centre) An all-electric signal box at Waterloo Station, 
London. (Bottom) Streamlined electric locomotive on the Pennsylvania Railroad, U.S A. 
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From here the vsratcr is forced through the 
condenser again. The cold air drawn in at the 
bottom of the towers, due to the warmer air 
at the top, also greatly assists in reducing the 
temperature of the water arculating through 
the condenser. 

STEPPING VOLTAGE UP AND DOWN 
The electnc generators coupled to the 
turbines arc of the alternating current type. 
This allows a stationary piece of apparatus 
called a static transformer to be used which 
permits the voltage to be either stepped up or 
down, a feature of the greatest impwrtancc in 
transmission. 

Briefly, an alternator consists of two essential 
piarts, the rotor and the stator. In large machines 
the former carries a number of electro magnets 
called the field magnet system, which rotate 
within a massive casing or stator which houses 
the windings in which the current is generated. 
The current for exciting the magnets, which 
must be direct current, is generally obtained 
from a small direct current dynamo dnven from 


the same shaft as the main generator. The 
speed at which the rotor revolves is usually 
three thousand times a minute. 

The high-teivion current generated in the 
stator windings of the alternators passes through 
heavily insulated cables to huge oil switches, 
and from these to massive copper bars called 
bus bars. • From these bars the current is fed 
through transformers — also protected by 
switches — which step up the voltage to maybe 
one hundred and thirty-two thousand volts, and 
at this pressure the current is sent to the outside 
world. 

OIL WHICH QUENCHES FLAME 

The contacts of the switches arc immersed 
in a special kind of oil which quenches the 
flame when the switches are opened They are 
also provided with mechanism whereby they 
open automatically should there be an excessive 
overload, or should a short-circuit or other fault 
occur 

The high-tension switchgear and other 
apparatus working at high pressure are usually 



WORLD’S LARGEST VOLT SWITCHES 

' Sixteen of these two hundred and eighty-seven thousand volt switches are used on the two hundred and forty 
thousand kilowatt transmission line from Boulder Dam to Los Angeles. Each is fifteen tons in weight 




SEEING THROUGH STEEL 

This portable X-ray apparatus, used in the tVashington Navy Yard to detect cracks in heavy steel castings, 
can take pictures through four inches of steel. It operates at two hundred and twenty thousand volts. 


housed in a remote part of the generating with regard to the primary the pressure is said 
station Such apparatus is generally operated to be stepped up, and a transformer which does 
by means of small switches, or even push this is called a step-up transformer A step-down 
buttons, by currents at low voltage from a transformer is the exact opposite. 

^tchboard situated in a central control room. MODERN POWER TRANSFORMERS 

The switchboard also cames numerous delicate ^ 

mcjuring instruments for recording output, transforming large amounts of electrical energy, 
vo ges, etc Instead, the coils arc mounted upon a frame 

PRIMARY AND SECONDARY COILS consisting of a number of thin iron stampings 

A transformer is used for stepping up or insulated from one another to prevent heavy 
increasing the voltage or stepping it down. In currents being induced in the iron itself Very 
Its simplest form it consists of two independent large transformers arc immersed in oil contained 
coils wound on an iron ring. When alter- in large tanks fitted with exterior circulating 
nating current is passed through one of the pipes. A modern power transformer may be 
coils, known as the primary, it produces a capable of giving an output of some 80,000 h.p. 
rapidly fluctuating magnetic field in the iron at a pressure of one hundred and thirty-two 
ring which induces a current in the secondary, thousand volts. 

as the other coil is called. The ratio of the Before the extra high tension current sent 
secondary voltage to the primary depends on out from the generating station by means of 
the ratio of the turns on the respective coils. underground or overhead cables can be used 
When the voltage of the secondary is increased for ordinary purposes such as lighting, heating. 
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FOR COSMIC RAY STUDY 
A twelve-ton magnet at the Univeisity of Chicago. 
It develops a pull of six tons. 


driving motors and so on, it has to undergo 
further transformation 

First it may go to a mam sub-station, where 
the pressure is reduced by step-down trans- 
formers to say eleven thousand volts or lower. 
From thence the current may be transmitted 
to small secondary sub-stations where the 
voltage IS again stepped down to about two 
hundred and thirty volts for lighting and four 
hundred volts or so foi motors The current is 
then fed through low tension cables or feeders 
to feeder pillars above ground, or watertight 
junction boxes undcrgiound, in vanous parts 
of the district. 

REACHING THE CONSUMER 

The ends of the feeder cables terminate on 
bus bars housed either in the feeder pillars or 
metal cupboards, and the current passes 
through isolating links or fuses to distributing 
cables, usually underground, where they are 
tapped through the medium ol joint boxes to 
the various consumers’ service cables, each of 
wluch terminates in fuse boxes situated in a 
COnvement position within the purcha-ser’s 
premises. 


The main fuse-box contains the consumer’s 
main fuses, each of which consists of a thin 
wire mounted in a porcelain holder. The 
fuses act as safety valves in the event of the 
current rising to a dangerous degree. The 
excessive current heats the wire until it melts 
and thus automatically cuts off the supply. 

RESULT OF A FIRE 

On leaving the main fuses the current passes 
through the meter which registers consumption 
and so to the mam switch which controls the 
whole of the lighting system or power circuit 
as the case may be The current is then led 
through another p.air of main fuses, under the 
control ol the consumer, and from there to a 
distributing fuse board, where vanous sub- 
circuits, each protected by double pole fuses, 
radiate to supply current to lamps and other 
apparatus of small consumption in different 
parts of the building. 

It IS quite po.ssible that electricity would not 
have been used on such a vast scale as it is in 
Great Britain today had not one of the Royal 



KEEPING CROPS WARM 
As soon us frost is heralded, the current is switched 
on to protect the crops. 
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Theatres in Vienna been destroyed by fire in 
1883. This calamity resulted in the Emperor 
of Austria giving instructions that all the Royal 
theatres were to be illuminated by electric light, 
and a British firm secured the contract for the 
first electric generating station in the world for 
supplying the current Kensington was the first 
district in London to have house-to-house 
lighting. 

BUILDING THE GRID 

In less than forty years nearly five hundred 
generating stations controlled by six hundred 
supply undertakings were in existence in Great 
Britain Some supplied direct current, others 
alternating current, while the number of 
different voltages was legion 

Eventually it was suggested that all power 
should be generated in a few large modern 
stations and the towns connected up This idea 
materiali/ed in 1933 with the completion 
ol the “ Gild,” Great Britain’s huge scheme lor 
supplying cheap current at a standardized voltage 
to lactones and homes throughout the country 




ELECTRICALLY OPERATED SLEIGH 
A device which makes the climbing of snow-clad 
mountain slopes a pleasure. 



X-RAYING A BOILER 
No lead armour ts required with this portable X-ray 
apparatus, which can be elected anywhere. 


The gigantic task ol constructing the Grid 
took SIX years to complete '1 oday the current 
for the whole of the grid system, which is 
divided into ten large areas — three in Scotland 
and seven in England and Wales — is geneiated 
in one bundled and fifty-five power stations, 
sixteen ol which supplv over one-half of the 
total units consumed Some of the less impor- 
tant plants are used only for helping others 
when the demand for current in the bigger 
power houses is larger than they can cope with, 
while other stations only operate during the 
winter, when the demand lor curient is gicatei 

POWER SOLD IN BULK 

The largest generating plant supplying 
current to the Grid has an installed output 
ol nearly half a million kilowatts, equiva- 
lent to over 600,000 h.p It is situated at 
Barking. 

The whole ol the transmission lines and the 
|X)\ver stations aie under the control ol the 
Central Electricity Board, a small body set up 
in 1927 by Act of Parliament The board docs 
not own any of the power stations It buys 
the whole ol the electneity generated and re- 
sells It in bulk to the local supply authorities 
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at an agreed price, whether such distributors 
generate current in their own power stations 
or not. The current is then sold to the 
consumers. 

If an electric generator, which is a machine 
for converting mechamcal power into electrical 
energy, is supplied with a suitable current it 



WORLD'S LARGEST YET 
The Boulder Dam project in the United States 
involved the largest electrical equipment ever made. 


converts the electrical energy into mechanical 
power and thus becomes an electric motor and 
will give out mechamcal power at the shaft. 
There are two classes of electric motors, those 
requiring a supply of direct current and those 
driven by alternating current, and there are 
various types of each class. 

Although electric motors are used to an 
enormous extent for driving all kinds of machin- 
ery, varying in size from the tiny dental drill 


requiring the merest fraction of a horse-power 
to operate it, to those of some 14,000 h.p. used 
for driving machinery in steel rolling mills, one 
of its most important apphcations is that of 
driving trams and trains. 

Electric motors play a very important part 
on board ship. In addition to operating hoists, 
winches, steering gear, auxiliary machinery in 
boiler and engine rooms, they arc in some 
cases used for propelling the vessel itself. 

USED FOR ELECTRIC SIGNS 
The difficult problem of how to produce an 
electric lamp for use m homes and other places 
where small units of light are required was 
solved by the invention of the incandescent 
electric lamp by Mr (afterwards Sir) Joseph 
Wilson Swan, F R S , and later by Edison, who, 
apparently unaware of the nature of Swan’s 
work, worked on similar lines. Both inventors 
used a carbon filament in a bulb from which 
the air had been extracted 
The gas-filled lamp represents a great 
advance. The specialized tungsten filament is 
made incandescent by the passage of the electric 
current in an atmosphere of either nitrogen or 
argon gas. 

Lamps of twenty thousand candle power for 
aerial beacons and lighthouses are not un- 
common, An electric lamp which does not 
require a filament is the gas discharge lamp. 
The light is produced by an electric discharge 
that takes place when a current passes between 
two electrodes sealed in the ends of a glass tube 
from which all air has been excluded and re- 
placed by a small quantity of some other gas 
One of the commonest types is the neon tube 
used extensively for electric signs, m which neon 
gas IS used, hence the name. 

DEVICES THAT SPELL COMFORT 
The modern high-pressure mercury vapour 
lamp consists of a small gas discharge tube 
containing mercury vapour mixed with other 
special gases, enclosed in an outer glass container. 
The space between the discharge tube and the 
outer container is devoid of air in order to 
retain the heat produced by the discharge 
Cookers with automatic oven heat control, 
refrigerators for the preservation of food, 
kettles which cannot bum out if the water 
boik away, percolators which make coffee on 
scientific principles, razors that shave without 
soap, vacuum cleaners that pick up every speck 
of dust, these and many other electrical devices 
make the home a more comfortable place. 



LONDON’S INTERNATIONAL TELEPHONE EXCHANGE 
The radio switchboard in the overseas section at the International Telephone Exchange^ Carter Lane This 
gives an almost world-wide service which includes the use of land wires, submarine cables and radio. 


ROUND THE WORLD IN A 
SPLIT SECOND 

R ather a stretch of imagination, isn’t than the mere multiplication of the singing of a 
it ? So most people are apt to exclaim single person Some at least of this richness is 
^when the idea of encircling the world in due to the fact that we do not hear all the voices 
a split second is first suggested to them. The at once. There is a very slight interval between 
phrase “ a spht second ” comes from one of the time at which we hear the nearer voices and 
G. K. Chesterton’s books It is often used as a that at which we hear the voices farther away, 
picturesque exaggeration but it is no exaggera- If the chorus is spread over too wide an area 
tion for the speeds we are to consider. the time interval becomes so marked that it is 

The speed of sound, for instance, is so great irritating; that is why large scale community 
that we take it for granted thjt we hear a singing is never entirely satisfactory The people 
friend speak at the exact moment his lips move, on one side of a large arena keep exact time 
There is an interval, but this is so short that with the conductor, and they wonder with 
Usually we do not notice it. There are times, considerable annoyance why the people on 
however, when the interval becomes important, the other side always lag behind. The people 
When wc hear a large chorus singing, the on the other side wonder the same thing, 
music has a richness which is something more Both sides are right, and both are wrong. 
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Each side hears its own singing as it is uttered, 
but has to wait for that from the other side. 

It IS when we hear sounds coming from a 
distance that we realize that sound is not so 
quick after all We may see a gun fired six 
miles away We see the flash, and half a minute 
afterwards we hear the boom of the gun. 

Six miles in half a minute is seven hundred 
and twenty miles per hour. This speed is a 
snail’s pace compared with the speed of light. 
Light moves so rapidly that it travels more than 
seven times the distance round the world in a 
second. Who said that “ split second ” was an 
exaggeration ? 

NOTHING SWIFTER THAN LIGHT 

The speed of light is approximately one 
bundled and eighty-six thousand miles per 
second Sound, which races across a mile in 
five seconds, would take lOJ days to do the 
journey that light does in a second There is 
nothing swifter than light But other things 
besides light can travel round the globe in a 
traction of a second. 

We have become so accustomed to the marvel 
of the electric telegraph that we no longer 


think of it as a marvel. The people of the middle 
of last century regarded it as a miracle. 

The telegraph as we have it now was largely 
the work of Samuel Morse in America, and of 
Sir William Cooke and Sir Charles Wheatstone 
in England, though each used the results and 
experience of numerous predecessors. 

MODELS OF BITS AND PIECES 
Morse made the first rough drawings of his 
apparatus when crossing the Atlantic He was 
returning home after having studied art in 
Europe, “ crushed for want of means ” — it is 
his own expression. He had to improvise 
rough models out of bits and pieces; he made 
his own moulds and did his own casting. 

In 1835 he made his most important discovery, 
the relay — a means of reinforcing feeble signals 
by currents from local batteries Two years 
later Morse produced his first successful tele- 
graphic apparatus It was set up in a room in 
New York, with a length of about a third of a 
mile of copper wire coiled round the apartment 
between sender and receivei 
The result ol the experiment was satisfactory, 
but Morse still had a long stniggle before he 



WORLD’S LARGEST CABLE SHIP 

The Dominia, owned by the Telegraph Construction and Maintenance Co., Ltd., of Greenwich. Her Jour 
cylindrical tanks are capable of holding a cable more than three thousand miles long. 
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ALL IN THE DAY’S WORK 

Uneimen working on overhead cables near WnUmgford m Berkshne This piece of trapeze armin’ it part 
of their daily task of seeing that the telegraph wires are maintained in pet feet order 


established the utility ot his invention and his 
own rights in his apparatus The British 
(ioveriiment retused him a patent, the I ieiich 
Goveriirnent used his device without payment 
to him The luining point came in 1843, when 
Congress advanced money for setting up a tele- 
giaph between Baltimore and Washington, 

USA 

Morse’s second important invention, the 
Moise alphabet of dots and dashes, tendered 
unnecessary the duplication of wires, or even 
the use of an alphabet dial The inventor w<is 
even on the verge of discovering wireless 
telegraphy In an exfieriment across a canal 
he found that he could send messages from one 
side of the stream to the other without the wires 
on the opposite banks being connected. 

“ ALARUMS IN DISTANT PLACES ” 
Wheatstone has been called the “ practical 
founder of modern telegraphy,” and that is 
certainly true so far as Great Britain is concerned. 
He had the great advantage of association with 
Cooke, a man with a practical and businesslike 
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mind Together they took out a patent for an 
electric telegraph in 1837, or as the specification 
reads, ‘Tor improvements in giving signals and 
sounding alarums m distant places hy means 
of elcctiic currents transmitted through metallic 
circuits ” WheaLstonc’si own talent lay m the 
construction ol delicate and ingemous apparatus 

TELEGRAPH PROCURES MURDERER’S ARREST 

The arrest of a murderer was one of the first 
events to locus public attention on the possifiili- 
tics ol the electric telegraph In the course ol 
the early cxpciirnents a telegraphic line was 
laid between Slough and Paddington in 1843 
A murder wa.s committed near Slough and the 
police were searching for a man named Tarvell, 
who was suspected of the crime Tarvell 
disguised himself as a Quaker, escaped the 
vigilance of the police, and succeeded in getting 
into the tram for Paddington 

The operator at Slough telegraphed a 
descnplion of Tarvell to Paddington Unlor- 
tunatcly there was no provision for the letter 
“ Q ” in the telegraphic code, and the message 
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LARGEST CABLE CHAMBER 
That beneath the City and Central Exchange in 
London. It n the largest in Britain. 

stated that Tarvell was dressed as a “ Kwaker ” 
The odd word caused some delay and puazle- 
mcnt, but it was correctly interpreted m time 
to inform the police, who met the train at 
Paddington and promptly arrested Tarvell 

For some timt the telegraph made sorry 
progress in England, even the railways were 
slow to see its advantages There were several 
reasons toi this The charges were in many 
cases excessive, they vaned with distance Irom 
a shilling for fifty miles to two shillings for over 
two hundred miles Many of the tclegiaphic 
oflfices weie inconveniently placed, their times 
of opeiung were awkward, and there was 
confusion between rival companies. 

In 1870 the Post Office took over the whole 
telegraphic system under two Acts of Parliament, 
and at once began one of the greatest schemes 
of reorganization ever attempted The staffs 
of rival companies, who had been using different 
instruments, were amalgamated into a single 
uniform system. The railway telegraphs were 
completely disentangled from the •rdinary 
system; this involved the construction of six 
thousand miles of new telegraph lines. New 


lines were laid to post offices in outlying 
suburbs. Busmess hours were extended, and new 
services were introduced. The last quarter of 
the nineteenth • century saw the telegraphic 
system extended to the most remote villages. 

Even after the practicability of the electric 
telegraph had been completely established for 
inland purposes, sceptics put up a stout resist- 
ance against the project of telegraphing across 
the Atlantic. 

OPINION AGAINST ATLANTIC CABLE 

The bulk of scientific and commercial opinion 
was dead against the scheme, and undoubtedly 
there seemed to be very real grounds for incredu- 
lity The construction of two thousand miles of 
cable, enclosing a complete and perfecth 
insulated wire, was in itscll a great undertaking 
There were the possibilities of the cable hanging 
across submarine chasms instead of lying on the 
floor of the ocean, of its chafing against locks 
and breaking under its own weight, of Us being 
corroded by sea-water or nibbled by deep-sea 
fishes. There was ako the enormous initial 
difficulty that in heavy weather the shi|) 
which was laying the cable might lurch forward 
suddenly and snap it while it was being paid 
out behind her 

A submaiine cable had been laid between 
England and France 111 1850 This cable broke, 
but it was successfully leplaced by a new one in 
the following yeai Still, it was a fai cry horn a 
mere thirty miles of cable to the gigantic 
project of a two-thousanrl-railc line 

FAILURE OF FIRST ATTEMPT 

The initial difficulties were overcome and 
the great cable, containing three hundred and 
forty thousand five hundred miles of coppci 
and iron wire woven into stiands, was coiled 
up in the holds of two ships which were to lay it 
The shore end of the cable was placed on a r.ill 
and landed at Valentia m south-w'est Ireland 
Then the supreme test, the laying across the 
ocean, began All went well until a storm arose 
and the cable ship began to labour — the very 
danger the promoters of the project had most 
dreaded 

At a depth of two thousands fathoms (twelvi 
thousand feet) the cable parted ; one end sank to 
the bottom of the Atlantic, and the cable-layei i 
were left with the useless remainder. As their 
was no means of recovering the broken cno, 
it had to be abandoned 

Those connected with the scheme refused to 
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GIRL WITH THE GOLDEN \ OTCE 

Miss Ethel Cam, whose voice was used jor the records of" Tun'' the talking clock of the telephone service 
" Tim," who tells you the time at any hour, has been one of the Post Office's most popular innovations. 


acknowledge defeat Next year a fresh attempt 
was made, and this time a cable was laid from 
Vdlentia to Newfoundland The triumph was 
largely due to Professor William Thompson 
(later Lord Kelvin). 

MAN WHO MADE ATLANTIC CABLES POSSIBLE 

When doubts were cast on the possibility of 
the project he set to work to improve the 
construi tion ol cables When the cable was 
actually laid it was Thompson’s work that made 
It usable T’herc had always been a very 
reasonable doubt as to whether electric signals 
across the Atlantic could be detected Thompson 
had invented the mirror galvanometer, and 
it was this delicate instrument that enabled the 
signals to be read 

The new cable worked successfully for a few 
weeks only, and then broke down The failure 
was due to the carelessness of inexperienced 
operators. 

It was impossible to repair it, and nearly 
seven years passed before another attempt was 
made to link Europe and America by telegraph. 
A cable was successfully completed in 1866 
and put into operation at once. 

Today there are twenty-one trans-Atlantic 
cables, and throughout the world there arc 
nearly four thousand submarine cables. Systems 
have been devised whereby it is possible to 


transmit messages from both ends of the cable 
at once and to transmit scveial messages at 
the same time 

One of the most striking feats ol telegraphic 
coininumcation took place on the occasion of 
the opening of the Wembley Exhibition by 
King George \'' in April 1924 Telegraphic 
lines weie cleared in order ihat the King’s 
woids might be sent by land ware and cable to 
every countrs' of the British Empire As the 
King finished speaking the telegraphic trans- 
mission began There were seventeen different 
transmissions from country to countrv and from 
continent to continent, yet the message circled 
the globe and returned to the startmg point in 
Wembley in eighty seconds 

SCOTSMAN GAVE US THE TELEPHONE 

The telephone was a logical sequel to the 
telegraph It was Graham Bell, a native of 
Edinburgh residing at Boston, USA, who made 
the telephone a commercial success He intro- 
duced the diaphragm in something like its 
present form, and he expenmeiited with the 
form of the mouthpiece. I’hoinas Alva Edison 
introduced the present type ol carbon micro- 
phone 

The first telephone company was established 
in England m 1878, within two years there were 
several compames, and telephone exchanges 
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RAILWAY RADIO 

Short-wave installation on signal box for giving 
directions to engine drivers. 


were established in various places. It was 
claimed by the Post Office that this was an 
infringement of their monopoly of telegraphic 
communication, the telephone, it was claimed, 
being a form of electric telegraph. The com- 
panies replied that telephone and telegraph are 
essentially different . “the one transmits electric 
signals, the other carries the human voice by 
means altogether unknown when the Post 
Office monopoly was granted.” 

HOW TELEPHONE TRANSLATES SOUND 

When the matter came into court it w'as 
decided in favour of the Post Office, but the 
companies were allowed to continue their 
operations under licence. The completing 
companies were gradually amalgamated into the 
National Telqphone Company, and in 1911 
the Post Office took over virtually the whole 
service. 

The ingenious claim of the telephone com- 
panies that the telephone carries the human 
voice was untrue. It is not sound that travels 
in a telephone. If it were conversations would 
be tembly slow. Telephony is practicable only 
because we have a means of translating all the 


little sound variations that make intelligible 
speech into variations in an electric current. 

That is the chjef purpose of the transmitter 
in a telephone. The diaphragm of the trans- 
mitter vibrates in time with the vibrations of 
the voice speaking into it. When the telephone 
18 ill use an electric current flows through wires 
connecting the transmitter with the distant 
receiver. This current flows through the 
carbon granules packed behind the diaphragm, 
and there it receives all the variations due to 
the vibrations of the diaphragm. It carries 
these variations almost instantaneously to the 
receiver, no matter how great is its distance from 
the transmitter. 

AT THE RECEIVING END 
At the receiving end the electrical variations 
have to be translated back into variations of 
sound. A duplication of the same apparatus 
would not do because vanations in the current 
would not produce variations in the packing 
of the carbon granules. 

The wire carrying the electric current passes 



FOREST FIRE PATROL 
The ranger receiving instructions by short-wave 
radio from the scouting plane. 
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SHUNTING DIRECTED BY RADIO 

This shunting locomotive is fitted with transmitting and receiving apparatus so that instructions can be given 
without interruption to the work It is claimed that the installation of radio renders shunting absolutely safe. 


round an electro-magnet. Each variation in the 
current causes a corresponding variation in 
the strength of the magnet A thin iron 
diaphragm is placed over the end of the 
magnet, which attracts the former more or 
less strongly as it vanes in strength. Thus 
the diaphragm is made to vibrate in exact 
correspondence with the variations in the 
current, and the vibrations start off sound waves 
And thus the diaphragm of the receiver sends 
out sound waves which are the same as those 
transmitted from the onginal speaker 
The various methods of clectncal communi- 
cation are fundamentally alike We want to 
transmit speech or music or pictures to great 
distances with great rapidity. Speech and 
music are variations of sound; pictures are 
varialions of light. At one end we need some 
kind of apparatus (as in the telephone trans- 
mitter) lor changing variations of sound or 
light into variations of an electric current. At 
the other end we need a different kind of 
apparatus that will translate the eicctnc 
variations back into variations of sound or light. 

NO SINGLE INVENTOR OF VHRELESS 
In every case the actual carrying of the 
messages is done either by currents or by electric 
waves; the former are extremely swift, and the 
latter arc as swift as light itself. In ordinary 
telegraphy messages arc carried by the actual 
flow ol minute particles of electricity pulsing 
along the wires. In wireless telegraphy the 
messi^es are carried by electric waves whose 


very existence was unknown when the first 
experiments were earned out. 

It IS impossible to name any one person as the 
inventor of wireless. James Clerk Maxwell 
showed on theoretical grounds the existence 
of electric waves. Heinrich Hertr made a great 
step forward when he demonstrated experi- 
mentally in 1887 the existence of these waves. 

VITAL STEPS ON WAY TO RADIO 

He proved that they are ol the same kind as 
heat and light waves ; he measured their wave- 
lengths and velocity. A vital point was that 
Hertz found the waves to be backward and 
forward oscillations. 

The next step was to find a means of changing 
the oscillations so that they moved forward only 
and behaved like electnc currents Sir Oliver 
Lodge invented the coherer, a little tube of metal 
filings that enables signals to be detected with 
comparative ease. 

Further investigation in the same direction 
led to the invention oi the crystal detector. 
Still another investigation led, in 1904, to the 
first use of a thermionic valve foi wireless 
purposes This was the invention of Sir John 
Ambrose Fleming. The idea Fleming applied 
in the thermionic valve was that electrons, 
being negative, are attracted by a positively 
charged conductor. His ingenuity lay in the 
methods by which he applied the idea the 
heated filament to give off electrons and so 
reinforce the feeble signals, and the positively 
charged gnd to attract the electrons and Rt 
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BEFORE THE MICROPHONE 
A scene in a studio at Broadcasting House, London, 
during the hioadcasi of a play. 


the same time to permit their passage through 
the charged conductor 

It IS the special glory of Gughelmo Marconi 
that he took what was little moie than a scienti- 
fic toy and turned it into one of the gieal world 
lorces. Against him were ranged all the 
scientists and technicians of little faith — men 
who could not see that the feeble, barely- 
dctectable signals that Marconi was working 
with would in a few years be making speeches 
and singing songs in millions of homes through- 
out the world Among the few who encouraged 
him were Sir William Preece, engineer-in-chicl 
'to the Post Office, and Lord Kelvin, 

Marconi’s own contributions to the early 
development of wireless were to connect both 


his sending and receiving stations to aerials 
raised high above the ground, and to connect 
them to earth. Both ideas seem obvious enough 
to us now, but they were far from obvious when 
Marconi thought of them. 

Step by step the range of transmission rose 
as apparatus and methods were improved It 
was a great achievement when messages were 
sent by Morse code across a distance of four 
miles The range wtis raised to nine miles and 
then to twelve The next step forward was to 
send messages across the Channel from England 
to France, the distance between the two 
stations was thirty-two miles. Then a range of 
sixty miles was attained. 

MARCONI CONQUERS THE ATLANTIC 

When Marconi fiisl suggested his idea of 
telegraphing across the Atlantic by wireless 
almost every scientisi thought the scheme was 
imjxissible Wireless waves are of the same 
nature as light waves, and light waves travel 
in straight lines It was a itasonalile assumption 
to suppose that wireless vi'ave.s also travel in 
stiaight lines If so they would simply be 
radiated out into space, the cuivature of the 



RADIO NEWSPAPER 

Beret vers that print hioadcast nem and pictures are 
now being used in the United States of America. 
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earth would prevent the waves reaching any 
place so far off as America, just as the curvatuie 
prevents signals by light 

Marconi persisted in spite of every kind of 
discouragement To carry out the experiment 
he erected a high and powerful station at 
Poldhu in Cornwall and another at Cape Cod, 
Massachusetts, U.S.A. Both stations weic 
earned away by storms 

HISTORIC DATE IN RADIO HISTORY 

The scoffers said “ We told you so,” but 
Marconi was not deterred He rebuilt the 
station at Poldhu, and improvised a station in 
Newfoundland His first scheme was to support 
the aerial by means of a balloon, but the balloon 
came unmoored in a gale and disappeared 
Then he decided to use a kite The kite was 
kept up with great diffirultv in strong winds 
Still Marconi persisted, and finally his peisis- 
tence was rewarded 

December 12, IdOl, was a gicat date in th< 
histoi'y of wireless Marconi had arranged lot 
Poldhu to send out at definite hours during th< 
day repetitions of the three dots or clicks thal 
stand for A’ in the Morse code 

The signals were duly sent out, and Marconi 
and his assistant, eagerly listening at then 
improvised station in Ne\i fonndland, with the 



RADIOED TWELVE THOUSAND MILES 
This picture was sent direct by radio Jrom Melbourne 
in Australia to London. 



TELEPHOTO MACHINE 
Operator with picture received in the offices of one 
of the laige\l London newspapers 


kite fluttering desperately overhead, repeatedly 
lieaid the three clicks that faintly and dramati- 
cally announced victory 

That was noi the end <>t opposition by any 
means, but the battle was won wireless had 
definitely budged the Atlantic Within a little 
more than a year a wireless news service was 
established between England and America 
The first ti ans- Atlantic i adiogrant apjieared 
in the columns ol a London newspaper on 
March 30, 1903 

HOW RADIO CAUGHT A MURDERER 

The possibility ol wireless a^ a means of 
communicating with ships was dramatically 
hi ought home to the nation in 1910 By a 
lemaikablc coincidence it was connected with 
murder, as in the case of the telegraph of 
sixty-seven years belore 

The police were investigating the disappear- 
ance of the wife of Dr. Hawley Harvey Crippen 
when Crippen took fright and fled Along with 
Miss Ethel Le Neve he took passage on a liner 
for Canada, intending to start life again m that 
country He got safely away, but his safety was 
short lived The police suspected that he was 
on board, wireless messages warned the captain 
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of the liner, and established the presence of 
Crippen and Miss Le Neve amongst the 
passengers. Inspector Drevr followed them on a 
faster boat, and met them on their arrival with 
a warrant for their arrest. 

Wireless telegraphy had advanced so far that 
during the World War it was a regular means 
of communication, esptecially between ships. 
The famous SOS signal was chosen as the 
shortest signal in Morse that is distinctive and 
readily recognized — three dots, three dashes, 
three dots. The more recent distress signal, 
C Q, D (come quickly danger) was devised to 
meet circumstances where the need for help is 
not so urgent as to demand the final SOS. 

ADVENT OF BROADCASTING 

Wireless telephony almost stole into our 
lives. Its development was rapid because the 
spadework has been done in connection with 
wireless telegraphy. 

In the early days there was much unofficial 
broadcasting, but the suppression of unauthor- 
ized transmissions and the substitution of 
official broadcasting stations caused a boom. 

The signals sent out from broadcasting 
stations are carried on the back, as it were, of 
long Hertzian waves known as carrier waves 
Each station has its own particular wavelength, 


that is, the length of the carrier waves. Music 
and speech are transmitted as modifications of 
these carrier waves. 

Hertzian waves may be many thousands of 
yards long. Th^ lengths are usually gpven in 
metres. A metre is a little more than three 
inches over a yard. The wavelengths employed 
by most broadcasting stations vary between 
about one thousand nine hundred yards and 
two hundred yards. Any wavelengths below 
sixty yards are called short waves. 

SHORT-WAVE WIRELESS 

Marconi had proved experimentally that 
the long Hertzian waves follow the curvature 
of the earth, and could therefore be used 
for long distance telegraphy and telephony. 
When he began to investigate short-wave 
wireless he was again met with the objection 
that such waves, licing nearer to light waves, 
could not possibly follow the curvature of the 
earth, and that their range must therefore be 
limited to very short distances. 

Marconi ignored the objection and went 
ahead with his experiments As a result of his 
work and the discovery of the beam systems, 
short waves are now used for inter-communica- 
tion between the countries of the British 
Empire. Just as light rays are concentrated 



PICTURES BY RADIO SENT THOUSANDS OF MILES 
vf receiver recording in the United States a picture sent by radio front London. It requires about haif an 
how to send a picture across the North AtUmtk by radio. 
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SIGHT AND SOUND 

Chineie lugglers before the television cameras at the 
Alexandra Palace, London 

we should merely get a single current corre- 
sponding to the intensity of light reflected from 
the picture as a whole. 'J'hat would be useless 
T he picture only is a picture because of the 
variations of light and shade from point to 
point throughout it. We want to transmit these 
vaiiations, each in its proper place, so as to 
reproduce the original picture. 

“ SCANNING ” IS LIKE READING 

We get the result we want by “ scanning” 
the picture. The process is very much like 
reading a page of this book We start at the 
top left-hand corner.. The eyes turn so as to 
read a line, they then move back to the begin- 
ning of the next line, and so on down the page. 

In scanning, a very narrow beam of light is 
thrown on the top left-hand corner of the 
picture to be telegraphed The beam moves 
in a straight line across the picture, it then 
jerks back and moves across the line below, 
and so it proceeds until the whole picture has 
been illuminated. 

As the light falls on each small part of the 
picture. It IS reflected from this tiny area; 
the amount of light reflected depends on the 


into a beam, as they arc in a searchlight, 
so wireless waves can be concentrated into a 
beam. A wireless beam, without spreading out 
very much, can carry messages from England 
in a split second half-way round the world to 
Australia and New Zealand. 

The sending of pictures by telegraph and 
wireless is another amazing achievement. A 
London newspaper can print an ordinary black 
and white photograph taken in New York an 
hour or two previously. 

HOW PICTURES ARE TRANSMITTED 

This development is based on the photo- 
electric cell, an invention which enables 
variations in a beam of light to be translated 
into variations in an electric current. It is the 
equivalent for light of the microphone for sound 

All the currents produced by the photo- 
electric cell arc extiemely minute, and they 
have to be amplified very considerably before 
they can be used 

Here then is a means of changing vanous 
intensities ol light into corresponding intensities 
of current, we want to use this as a way of 
transmitting pictures by electric telegraph. 
If we were to illumine the whole picture which is 
to be transmitted, and allow the light from the 
whole picture to fall on a photo-electric cell, 


FROM A FIRESIDE SEAT 
This boxing contest could be viewed at home it 
was televised from Alexandra Palace. 
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PROCESS OF TELEVISION 

Television Is based on the photo-electric cell, a simple device with two poles, positive and negative, tike an} 
oS^r cell The positive plate Is a wire grid, the negative a metallic coating on one side o} the glass bulb in 
which the cell is enclosed Tins metallic coating consists of a metal sensitive to light. The positive plate 
is given a positive charge to make it attract free electrons. H'hen a beam of light falls on the negative plate 
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FROM STAGE TO SCREEN , nth<.r 

this plate gives off electrons The positive plate attracts these, so that a stream of ^ 

words, an electric current, flows from negative plate to positive, inside the ce l. 

of electrons continues the current from positive pole to negative pole Thus ,925 

a beam of light falling on it into an electric current. The first television pictures were shown in 
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lightness or darkness of the picture. The 
r^ected light falls on a photo-electric cell, 
which gives a current which is exactly propor- 
tional to the amount of light reflected to it. 

It is this varying current that is telegraphed. 
At the receiving end the process is reversed 
and the varyir^ current translated back into 
a varying beam of light which has to be made 
to move over a sheet of photographic paper 
in the same way as the original scanning 
beam. 

The first real television pictures were shown 
by Mr. J. L. Baird in 1925 with apparatus made 
from odds and ends of material. The pioneer 
television broadcasts in the United Kingdom 
were begun by the British Broadcasting 
Corporation in 1929. 

COLOUR TELEVISION 

Colour television depends on the power of 
the eyes to combine colours placed before them 
in rapid succession. One kind of spinning top 
enables this to be done very readily; red and 
yellow colours, for example, are placed on the 


top. When the top is spun the eyes combine 
the two colours, and we see orange. 

A photo-electric cell is not equally sensitive 
to all colours. This difficulty is got over by 
having several cells each sensitive to one of the 
three colours. Thus we might have a potassium 
cell for blue, thallium for red, and caesium for 
green and yellow. The scene is scanned by 
light of the three colours in rapid succession. 

NIGHT-TIME TEUIVISION 

The first demonstration of colour television 
was made by Baird in 1928. Later this inventor 
introduced the televising of pictures ttiken in 
the dark. A beam of light rich in infra-red 
rays was used to scan the subject. A very thin 
screen of ebonite excluded the visual rays, but 
permitted the infra-red rays to pass through. 
A special photo-electric cell sensitive to infra- 
red rays was used. Successful televised pictures 
were obtained 

In television sets a short-wave set for sound 
reception is included as a separate circuit, so 
that light and sound arc received simultaneously 



COLOUR TELEVISION ARRIVES 

Mr, J, L. Baird st^errising the first colour programme televised from the Crystal Palace. This apparatus, 
detuned by Mr. Baird, enables red, blue, yellow and so on to be televised. The inventor is tekvis^ hats. 






DISTANCE VANQUISHED BY INFRA-RED RAYS 
This picture of Fujiyama, the snow-capped dormant volcano sacred to the Japanese, waj taken on an ipfra-red 
plate from a distance oj fifteen miles. The mountain stands sixty miles south-west of Tokyo 


PHOTOGRAPHING WITH DARK HEAT 

T he early story of photography is one of calotvpe process In this he treated paper with 
chance discovery, of patient expenment, iodide of silver, and belore exposure in the 
of disillusionment and of apparent short- camera immersed the prepared material in a 
sightedness on the part of its earhest exponents bath of aceto-nitrate and gallo-nitrate of silver. 
False trails were frequently followed and at one The introduction of an improved lens by 
time the search was very nearly abandoned Joseph Petzval ol Vienna was a great step to 
altogether, shorter exposures, making possible the employ- 

Thc earliest recorded discovery in connection ment ol a larger aperture, or space through 
with photography is credited to Johann which light passes 

Heinrich Schulze, a German physician, in 1 727 The first glass negatives were used by Sir 
In the course of an experiment Schulze had William Herschel, the astronomer, who intro- 
occasion to treat some chalk with nitric acid, duced the word “ photography.” Frederick 
and having at hand a quantity of acid in which Scott Archer’s contribution of 1851 was the wet 
some silver had been dissolved he made use of collodion plate The photographer had to 
It. He was working by a window, exposed to the prepare his plates immediately before use, 
sun, and was surprised to see that where the expose them while wet, and develop, fix and 
rays of the sun fell across the silver-acid mixture dry them directly after removal from the 
It turned black, while the shadowed portions camera. This meant that the out-of-doors 
remained pale. photogi'apher had to carry his ‘‘ dark room ” — 

On trying a stronger nitrate-of-silver solution usually a light-proof tent — with him. 

Schulze obtained striking results, producing Dry plates arrived in the 1870’s, and by 1880 
temporary silhouette images on his chance- George Eastman was marketing them in 
discovered emulsion by placing stencilled letters America. By this time plate speeds had been so 
between it and the light. increased and lenses so improved that exposures 

In 1835 William Henry Fox Talbot succeeded were made in seconds and fractions of seconds 
in making a paper negative impression of Lacock At the same time as Talbot was producing his 
Abbey, his home, and in 1841 he patented his paper negatives Louis Daguerre, a French 
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PHOTOGRAPHING WITH DARK HEAT 


painter and physicist, was perfecting a photo- 
graphic method. Although the method would 
not allow of more than one picture, and that on 
the original plate, this system was in favour 
for many years. 

The method was to subject the surface of a 
highly polished silver plate to the action of 
iodine vapour, which caused a fine coating of 
iodide of silver to be deposited on the plate. 
This after long exposure in the camera, produced 
a jjositive image of sorts which could be “ fixed” 
by subsequent washing m a salt solution 
Exposures were very long and the results were 
very poor Then a lucky accident brought 
world-fame to Daguerre as the inventor of a 
practical means of photography. 

PLATE THAT DEVELOPED ITSELF 

He had made an exposure in poor light, and 
finding no image on his plate had consigned 
It to a chemical cupboard until such Umc as he 
could re-polish and sensitize it When a few 
hours later Daguerre handled this plate he was 
astonished to find thereon a good photographic 


image. By a simple process of elimination he 
discovered that this “ development ” of what 
must be a latent camera impression tin the 
plate was caused by the vapour from a dish of 
mercury which hafl been placed in the same 
cupboard. 

FIRST KIND OF COLOUR PHOTOGRAPHY 

Colour photography came into being m 1861 
with the work of Clerk Maxwell He made 
three photographs of a subject, employing for 
each exposure a different coloured fillet a red, 
a blue and a green. From the negatives he made 
positives and stained each positive the same 
colour as the filter used in its production Three 
lanterns were used to project the coloured 
positive images on to a screen, and when 
arranged to fall on each other the combined 
images produced a coloured reproduction of 
the subject originally photographed 

Experience and experiment have produced 
improved lenses, cameras, and super-speed 
plates capable of recording nil we may see and 
much besides. The unaided human eye is 



COVERING A CITY WITH A CAMERA 

A strikingly extensive view of part of Sydney, m Australia, taken on an irfra-red plate. A feature of the 
infra-red process is the remarkable way m which it reveals detail. 
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CHECKING UP ON A RECORD FLIGHT 

A cameraimn takes a picture of Howard Hughes's plane as it roars by at something just under three hundred 
and fifty miles an hour The machine next the camera n check mg the speed 


capable of appreciating only a limited section 
of the full light-wave band, but the photo- 
graphic plate designed lor the purpose and used 
with the appiopriate camera and filter is 
sensitive to light waves which have their origins 
either above or below the visible spectrum 
Thus the unseen becomes the seen. 

PHOTOGRAPHY IN DARKNESS 

It is possible by using plates specially sensitive 
to inlra-red rays to take photographs in what 
to our limited vision is complete darkness 
Powerful lamps fitted with special screens 
permitting the passage of only the invisible 
infra-red rays are used to “ illuminate ” studio 
subjects, and an exposure made on the specially 
prepared plate produces a negative showing 
the subject in all its detail as though lit by 
white light. It is literally photography by dark 
heat. 

Infra-red materials are used when pictures 
are to be made at great distances, when the ap>- 
plication of dyes to the plate emulsion, and 
filters to the camera lens, absorb the shorter 
violet and ultra-violet rays and so reduce to 


the lowest possible minimum light scattering 
and atmospheric ha/.e 

As infra-red rays also possess the property of 
penctmting the skin to a limited depth, skin 
diseases and like disorders are often subject 
to diagnosis by mfra-red photography 

X-rav jihotography is of priceless value By 
using specially coated films and plates in con- 
junction with an X-ray tube, permanent 
records may be made of a diversity of subjects 
X-ray pictures record the functions of the lungs, 
heart, and othci organs of the body, and are 
used widely to detect the presence of foreign 
and unhealthy growths, and of displaced or 
damaged bones 

DETECTION OF CRIME 
Radiography is used by manufacturers to 
detect faults in metals and castings, and the 
records obtained photogi aphically with X-rays 
and the even more penetrating Gamma rays 
are of the greatest value in metallurgical 
research. 

Photography plays an important part in the 
detection of crime. The blood-stained hair, the 
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PHOTOGRAPHY BY X-RAYS 
Taking a picture of a section of the human head. 
The sitter holds the plate. 


blurred finger pnnt, the insignificant thread of 
cloth, or the spent cartridge can tell a damning 
tale when magnified a hundred times on a 
photographic print. 

Filing by photographic system has made the 
storing of records a more economical and less 
space-devouring practice. A whole year’s 
issues of periodicals or similar documents may 
be recorded page by page on a narrow strip of 
photographic film, ready for production and 
examination by enlargement as required, 

AraiAL PHOTOGRAPHY 

Surveying and map-preparation by photo- 
graph is common. Aerial mapping is carried 
out by special cameras operated by motor and 
entirdy automatic. The aeroplane carrying the 
camera flies to and fro over the territory to be 
mapped while the camera makes its periodical 
expiosures, which when printed and joined up 
in series form an accurate photographic map 

Photography can provide us with visual 
records of sounds, the sounds being conveyed 
to a microphone, and the resultant electrical 
impulses to an electrically operated lamp, the 
illumination piower of which varies accordingly. 
These light variations arc recorded on a strip 


of moving film, which is afterwards processed 
and dried to present a photo-impression of the 
original sounds. 

The operation pf the modern sound film 
consists in the main of the projection on a 
screen of pictures at the rate of twenty-four 
per second, and an acoustic accompaniment 
arranged to synchronize with the visual effect. 
The film carries in a narrow margin the sound 
track, the photographic recording of the sounds 
to accompany the pictures when projected on 
to the cinema screen. 

FAKING FOR THE FILMS 

Film-studio executives have raised trick 
photography to a fine art The “ process ” 
shot, for instance, is a clever fake effect secured 
by “ back projection.” In this a picture or a 
film of the desired background is projected on 
to a transparency screen and the actors play 
their parts and are filmed before this screen. 

The cinematograph is often employed for 
the analysis of liigh-speed subjects For these 
effects the cine camera is made to record a 
much greater number of pictures per second 
than for normal subjects. 



FILM PHOTOGRAPHY 
Perched on a gantry platform, the film cameraman 
awaits the order to start shooting. 



BORING FOR OIL IN BRITAIN 

A derrick at Counland, near Dalkeith, Scotland, where oil was found in 1937. No deposits of any great 
commercial significance have yet been located in Britain, though millions have been spent on the search. 


OIL: MAN’S UNWILLING SLAVE 

O IL is humanity’s unwilling slave, though oil well was sunk It has created a new world 
a most useful one. Its home is the bowels order, and it has done so even within the 
of the earth, remote and hidden, and recollection of many now living 
nobody knows quite what it is. Lord Playfair first showed the world, about 

As crude petroleum it is not of great con- the middle of last century, how petroleum 
sequence, but when specially treated tind refined could be refined, but although he demonstrated 
It IS the motive force for driving motor cars, the commercial value of mineral oil, man was 
aircraft, liners, locomotives and all kinds of at a loss to know how to secure it m any quantity 
engines and machinery. Moreover lubricating until Colonel E. L. Drake devised a special drill, 
oils fight the friction fiend and enable machines and sank the first scientifically constructed oil 
to run smoothly. No new air flight record is well in Pennsylvama in 1859. Previous to that 
possible without oil. The new fuel has resulted time the oil had been scraped up from the 
in the mechanization of the Army. As an in- hollows where it had oozed from the ground, 
gredient oil enters into the manufacture of From a depth of seventy feet Drake brought 
candles, electric light carbons, ink, dyes, oil to within ten feet of the surface and pumping 
perfumes, cosmetics, alummium, tennis btills did the rest. Drake’s well maintained a daily 
and rubber tyres. output of eight hundred and forty gallons for a 

Yet it is barely a century since the commercial year, when it ceased to function. But the 
possibilities of oil were first recogpiized, and it gallant colonel set the world, so to speak, on 
18 only about eighty years that the first fire. There followed a rush for oil, challenging 
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OVER WORLD’S DEEPEST WELL 
Derrick over what is claimed to be the deepest oil well 
in the world, at Kettleman Hills, Cali/oinia. 


the rush for gold This quest for the liquid gold 
has gone on ever since, for the demand for the 
new fuel has become insatiable. 

Among the more famous oilfields are those 
of Mexico, Texas, California and Pennsylvania, 
the United States being particularly rich in 
petroleum. Other important fields are those of 
Roumania, Russia, Iraq, Iran, Burma, and the 
Dutch East Indies 

QUEST FOR OIL IN BRITAIN 

In Great Britain no oil deposits of any great 
commercial significance have been located so 
far, though the hope of finding the precious 
liquid in the United Kingdom has by no means 
lieen abandoned During the World War wells 
were sunk in many paits of the country, hut 
with little success Since then, however, 
< xperts declare thev have discovered promising 
rock formations, and in 1937 an oil coinparn 
oht.iined a prospi'cting licence Ironi the govern- 
ment coveiing an area ol tout hunched and 
ninety scjuaic miles 

The coveted lic|Uid ran only be reached bv 
dulling Ovci the spot wheie it is believed to 
exist a lour-sided winsden fiainewotk, oi 
derrick, is i.uscd It tn.ny be one hundred and 
thirty to one hundred and hity feet in height 
Suspended liom a large pulley inside the 
deriick is the dulling pipe with its bit, oi 
cutting tcxil The dull pipes ate very heatv 
steel tubes Irorn four to six inelies in outside 
diameter 3'hey are made in thirty leet lengths 
that can lx; screwed together, and the bit is 
screwed into the bottom of the pipe The bit is 
lowered to the surface of the ground and tin 
whole assemhlv is given a lotary motion th.it 
causes it to dig its way into the earth under 
Its great weight. 

MUD USED TO CLEAR CUTTINGS 
A mixture of clav and water known as lotaiv 
mud IS pumped down through the intenoi 
of the drill pipe and is ejected with tenific force 
through two holes in the bit near the cutting 
edge The rotary mud washes the cuttings and 
pieces of rock to the surface, where they settle 
m pits, and the mud is re-circulated. This 
circulation also tends to have a cementing 
action on the walls of the hole 

The fishtail bit, the name of which indicates 
Its shape, is employed when drilling through 
relatively soft material, and special rock bits 
are used for Ixinng through harder rcxrk 

It is often necessary to take samples of the 




DRILLING FOR OIL IN BRITISH MEADOW 
One of the powerful drills at the Sussex oil-drilltng plant at Grove Hill, near Hellingly. The plant, the property 
of the Anglo-American Oil Company, is capable of digging a mile and a half down into the earth This venture 
to find a way to Britain's as yet untapped resources of oil was inaugurated In June, 1937, hy Lord Apsley, 
Parliamentary Secretary to Sir Thomas Inskip, Mmsterfor the Co-ordination of Defence. 
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strata through which the drill is penetrating, 
and for this purpose a core bit is used, This cuts 
a hole in the shape of a ring, leaving the central 
portion untouched As the cores sire taken they 
are drawn to the surface in pieces fifteen to 
twenty feet long, and are inspiected by a geolo- 
gist, who is able to identify the characteristica 
of the rock. 

Near the surface the diameter of the hole is 
usually from fifteen to twenty inches. When a 
few hundred feet have been drilled, steel casing 
IS inserted, and cement is pumpied up between 
the outside of the casing and the walls of the 
hole in order to prevent the latter from crumbling 
and also to keep out the surface water. The 
hole IS then drilled deeper with smaller bits, 
and more casing of smaller size is inserted This 
continues until the oil-bearing layer is 
encountered. 

WELLS 10,000 FEET DEEP 

The coveted oil may be found within a few 
himdred feet fixim the surface, or it may be 
necessary to descend to a depth of three thousand 
to four thousand feet, a costly and lengthy task 


There are hundreds of wells in the great oil 
fields five thousand to ten thousand feet deep, 
the deepest being one in Southern CalifcHnia 
which has a bore qyer two miles in depth. 

FOIE THE GREATEST DANGER 

Even w'hen oil is struck the engineer’s troubles 
are by no means over. He may have to assist 
it in rising, or he may have to check its too 
hasty flow. Then the oil may be charged with 
sand, which it is his task to remove. What he 
mostly icars is his “ gusher,” as the spouting 
oil well IS termed, catching fire. 

In drilling gas may be struck which may blow 
out masses of stone that flash a spark and set 
the well on fire. Or it may be a spark from a 
nearby engine, a carelessly thrown match, 
cigarette or cigar stump, or even lightning The 
danger of such conflagrations is that they are 
liable to set other wells on fire, causing untold 
damage 

The best way of putting out such a fire is to 
inject steam into it. A number of pipes are 
each coupled to a high-pressure boiler, and at 
a given moment they are all turned on to the 



LAYING THE IRAQ PIPE LINE 

The Iraq pipe Hue runs from Kirkuk, in the north of Iraq, to Haifa, in Palestine, and to Tripoli, in Syria 
Over one thousand nules long, it cost £10,000,000 ten thousand men were required to lay it. 




SEARCH THAT BROUGHT NO RESULT 

Oil-drilling apparatus being erected at Henfieid, in Sussex, in 1936. Though the plant was capable of boring 
two miles down, the search had to be abandoned qfter much costly drilling in 1937. 


flame. The steam prevents air from getting to fifteen hundred feet, while the roar and crackle 
it, and without air the fire dies. Another method of the furnace could be heard several miles away, 
is to drag an enormous iron cap over the flames and dense clouds of smoke almost blotted out 
like a snuffer over a candle. Sometimes the the daylight The heat was so intense that it 
gusher has to be left to burn itself out. was impossible to approach within three 

There is the instance of the Dos Bocas gusher hundred feet of the well, 

in Mexico The flames rose to a height of The engineers decided to cap or stifle the 



OIL TANK THAT WEIGHS TWO HUNDRED TONS 
A ktige tank used by the Standard Oil Company for distilling crude oil ft was floated thousand 
three hundred and seventy miles to Whiting, Indiana, because it was too immense to send by boat or rail. 
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well by dragging a huge specially-constructed 
lid over its mouth. A convenient barrel tank 
was dismembered and the heaviest of its steel 
plates were riveted together to form a thick 
platform or lid. Heavy steel rails, totalling 
thirty tons in weight, were then fastened down 
up>on the platform and cables to serve as drag 
ropes were attached. The cables were passed 
around the well and their free ends secured to 
steam winches. 

DROWNING AN OIL WELL 

Everything was ready for this massive hd to 
be dragged over the borehole, when the 
surrounding ground suddenly caved in, and 
the narrow Ixirehole became a huge crater one 
thousand feet in diameter, which almost 
immediately filled with oil. 

The desperate measure was now adopted of 
drowning-out the gusher. The task was begun 
of pumping into the great crater sufficient water 


to drown the flow of oil. This operation had 
only been under way a short time when the fire 
suddenly ceased voluntarily, owing to the supply 
of gas and oil givjng out. 

Trouble was not over even now, for the gusher 
became a terrific outflow of hot salt water, and 
about seventy million gallons was ejected 
during the subsequent twenty-four hours. The 
Dos Bocas fire raged for fifty-eight days, during 
which there went up in smoke more than 
two million gallons of oil. 

BURNED FOR TWO AND A HALF YEARS 

With scarcely an exception the great oilfields 
can relate thrilling experiences with gushers 
that have suddenly caught fire. The Moreni 
well in Roumania burned for two and a half 
years. 

The freshly-won oil varies considerably in 
colour and also in density, and has to be 
specially treated before it is ready for use In 



OBTAINING PETROL FROM COAL 

From topper (a) coal goes by conveyer (b) to bunkers (c) and so to grinding mills (d). Mixed with heavy 
<Hly it is forced by injectors (c) into converter systenij hydrogenated (p), preheated (f), condensed (g), cooled (ft), 
and separated (i). The oils are collected (j), pumped (k) to a dtstillation unit, heated (I) and fractionated (tn) 
Petrol is distilled off (n) and stored (o). The heavy fractions (s) are returned to the process. R is the 

sludge plant. 


AN OILFIELD IN FULL BLAST 

A forest of oil derricks towering above one of the largest and most productive oilfields in the United States, 


situated between Los Angeles and the coast 

Its natural state petroleum consists of hydro- 
carbons at different density, representing 
petrol, benzene, naphtha, and <»thet oils It 
IS the work ol the chemist in the refineries to 
separate and prepare them for commercial use 
Mo't of the oil that comes into Great Britain 
IS refined neai where it is found, though it may 
be necessary to carry it many miles in its raw 
state to the refinery The oil from the Persian 
or Iran fields of Haft Kel and Masjid-i-Sulaiman 
IS brought one hundred and fifty miles by pipe 
line over desolate mountains to the island of 
Abadan, on the Persian Gulf, where there is 
the largest and most modernly equipped oil 
refinery in the past. 

PIPE LINE ACROSS THE DESERT 
Iraq, also, has become prosperous as the result 
of the discovery of oil at Kirkuk, not far from 
the ancient city of Mosul. A small quantity 
is refined on the spot lor local consumption, but 
the greater proportion of thp crude petroleum 
IS carried by pipe line across the desert for 
treatment at the port of Haifa, m Palestine, and 
Tripoli in Syria, on the Mediterranean coast. 


Some o) the wells are ten thousand feel deep 

It IS by far the most spectacular of modern 
oil pipe lines It called for the laying of eleven 
hundred and fifty miles of pipes aeross liarien 
and uninhabited country, the building ol adozen 
pumping stations far out m the desert, and the 
installation of a telephone line along the whole 
route An army ol ten thousand men was 
engaged on the task and the sum of 10,000,000 
f xpended 

HEAT, COLD .■LND FLOODS 

Surveying the mute alone occupied a yeai 
The region could furnish nothing It is entiiely 
devoid of roads and railways, and the only 
inhabitants are a few scattered nomadic 
bedouin tribes. After deciding upon the loute 
came the laying of the steel pipes Everything 
needed — pipes, tackle, tools, tents, bedding, 
provisions and even water had to be carried. 
Specially designed lorries and tractors were 
built for the work. 

The task proved a formidable one. In the 
summer the heat was intense At night, in the 
winter, the thermometer would drop far below 
freezing point. 
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PETROL FROM COAL 
Three giant converters, htgh-pressure vessels in which 
coal is combined with hydrogen. 


In the winter months the camps became 
waterlogged m the floods Another source ot 
anxiety y/as the looting propensities of the 
wandering bedouins Some were even bold 
enough to hold up a whole camp at the point 
of their rifles. In some sections of the desert it 
was necessary for vehicles to travel in convoy, 
guarded by an armed escort. What the men 
dreaded most, however, were the dust storms, 
which sometimes lasted for days, entirely 
blotting out the camps. 

PiraS FORTY FEET LONG 

There are two lines of pipes, one running to 
Haifa and the other to Tripoli. For the first 
one hundred and fifty-six miles, from Kirkuk 
to Haditha, on the Euphrates, the two sections 
of the line run together. At Haditha they 
separate. The southern one continues through 
Iraq, Transjordan and Palestine to Haifa, and 
the northern one through Syria to Tnpoli. The 
length of the Haifa line is six htmdred and 
twenty miles, and that of the Tripoh line five 
hundred and thirty miles. 

Each pipe is forty feet long, the eleven 
hundred and fifty miles of piping representing 


a combined weight of one hundred and twenty 
thousand tons. The pipe line is buried in the 
ground throughout its entire length. The 
trenches were fiiechanically excavated by 
specially devised ditching machines which were 
capable of digging a trench two feet wide and 
six feet deep at an average rate of a mile a day. 

Ten or eleven forty-feet lengths of piping were 
lined up on the ground and joined by welding. 
When all the joints had been so treated, the 
great length of pijje, four hundred feet or more, 
was lowered into the trench. As the line passes 
in some places through soil containing corrosive 
salts which would speedily eat into the metal, it 
was necessary to provide some protective 
measure. 

COMMUNITIES IN THE DESERT 

A mechanical cleaner, fitted with rotating 
brushes — first wire and then coconut fibre^ — 
was drawn along the pipe The wire brushes 
removed all dirt and rust, leaving a clean steel 
surface on which the fibre brushes deposited 
an undercoating of primer. When that had 
dried, a protective enamel was applied by hand 
The entire pipe was finally wrapped in asbestos, 
and the trench filled with earth. 

Oil, being a liquid, can flow only by gravity. 
As the pipe line runs up and down hill it was 
necessary to build pumping stations .along the 



OIL-DRILLING MACHINERY 
Steam generedors and turbine to work the drills at 
Henfield, In Sussex. 
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FIRE ON THE OILFIELD 

In 1929 the Rhode-McAdams No. 1 well, in the Santa Fi Springs oilfield near Los Angeles, caught fire, 
ignitmg neighbouring wells and endangering the whole oilfield. It was the fourth fire in that field within a year 
and a half. Such cortflagrations, which are greatly dreaded by oil engineers on account of the vast amount 
of damage they can are usually extinguished bv having steam injected into them under high pressure. 
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route to enstire a steady and constant flow, one million two hundred and fifty thousand 
There are twelve of these stations scattered along tons of liquid fuel, enough for the normal needs 
the fine. They are manned by British and of the fleet on the China Station for six months. 
American engineers, who with their Arab Before the crude oil has been refined it is of 
servants form little modem communities in the little use commercially. By means of special and 
desert. elaborate machmery the crude petroleum can 

Oa BASES FOR BRITISH NAVY ^ ‘^e^osene (lamp oil), fuel 

There have been many attacks upon the l“bncating oil, paraffin wax, pitch or tar. 

pipe line, both in Palestine and Transjordan The refining processes are many and intncate 
The earth is shovelled away and rifle bullets somewhat according to the class of oil 

are fired into the pipe, allowing the oil to escape esire 

Spiecial gauges in the pumping stations instantly REFINING THE CRUDE OIL 

record any leakage and the approximate spot From the storage tanks at the refinery the 
The flow IS at once discontinued and the damage petroleum passes into a pre-heater tank, where 
repaired. The capacity of the pipe line is it is subjected to a preliminary heating From 
four million tons a year here it goes to a still, where it is again heated 

At Haifa the oil is received in sixteen giant until certain of the ingredients are turned into 
tanks. Here, too, is a modern refinery foi vapour These vapour.s, or distillates as they are 
treating the oil, and a special port for loading termed, represent valuable oil. Petrol, it may 
It into ships. Bringing oil in tins way across the be added, vaporizes at a fairly low temperatuie, 
desert to Haifa has provided an oil base foi while paraffin calls for a high temperature 
the ships of the British Navy operating in the The distillates are led away to a condenser, 
Mediterranean In a like manner the oil port where as a result of a sjx’Cial means ol cooling 
at Abadan on the Persian Gulf provides they are condensed back into a liquid From 
similar facilities for Bntish ships east of Suez, the condenser the recovered oils pass to special 
At the new Singapore naval base reservoirs tanks, to undergo a second distillation somewhat 
above and below ground are capable of holding similar to the first In these operations the 



OIL WELLS BENEATH THE SEA ’ 

A quarter of a mile offshore from Ventura, California, observant fishermen noticed oil bubbling to the surface 
of the water Investigation disclosed the fact that the bubbling was caused by rich strata of oll-beartng sand 
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specific gravity of the distillates has to be care- 
fully checked by special instruments. Finally 
comes the purifying treatment, which is 
accomplished in special receptacles known as 
agitators. 

A WONDERFUL SCIENTIFIC DISCOVERY 
The residue remaimng in the still after the 
complex fluid has been robbed of certain of 
the oils by evaporation is eonsiderable. This is 
again subjected to special distillation in ordei 
to obtain its lubricant oil content, or it is 
treated by a process of destructive distillation 
called “ cracking,” by means of which the heavy 
oil residue can be converted into petrol and 
other valuable oils and by-products Cracking 
IS a wonderful scientific discovery enabling the 
chemist to turn to profitable use the residue of 
the fluid after ordinal y distillation 

For instance, in the operation of cracking 
petroleum to produce motoi spirit, large 
quantities of uncondensable gas are also 
produced Until f.iiiK recently this gas was 
regarded as a useless by-pioduct The world’s 



BURNED FOR OVER A YEAR 
Afire which started in 1929 in an ail well in Roumania 
was still buining ovet a yeai later. 



IRAQ PIPE LINE ON FIRE 
The Iraq pipe line is frequent Iv punt lured by Arabs. 
Sometimes the escaping oil is set on fire. 


daily production of such gas is now wi^ll ovei a 
thousand million cubic feet a day — ^an instance 
of the rapid advances made Litely 

By a process known as polvineii/.ation, some 
of the constituents of this gas aic induced lo 
combine with one anothei, foimiiig polyinei- 
gasolene, which can be blended with petrol to 
improve its anti-knock value Anothei product 
is iso-octane, which makes possible .i twenty pet 
cent increase in the efticiencv of an aeroplane 
engine The remaining hydi oc .u boiis in the 
gas can be cracked again, pioducing mote ol 
the useful constituents, which can, in turn, be 
converted into motor spirit 

OIL FROM SHALE AND COAL 

Oil can also be produced artificially from 
shale and also fiom coal Shale is a kind of 
clay, but it diffeis liom oidinaiv clay in that it 
IS in the form of very thin layeis Extensive 
beds of oil shale are lound in Scotland, from 
which a large amount of oil is extractexi. It 
IS refined on similar lines to ciudc peti oleum. 



444 


OIL : MAN’S UNWILLING SLAVE 


Shale is mined in much the same way as coal. 
It comes to the surface in lumps and 
passes to the crushing mill, where it is reduced 
by machinery to a stae suitable for economic 
distillation. It now goes to the hcppers of 
the retorts to be converted into oil. 

The retorts are vertical structures about 
twenty feet high and approximately 2^ feet in 
diameter at the base, tapering slightly towards 
the top, and are heated up to one thousand 
six hundred degrees Fahrenheit. The shale is 
fed into them and gravitates through successive 
zones of slowly rising temperature, its rate of 
movement being adjusted so accurately to the 
temperature that it is perfectly “ cooked ” 
on its downward journey and thus yields the 
maximum quantity of oil. 

HYDROGENATION OF COAL 
Petrol and other valuable oils are now being 
obtained on a commercial scale from coal by 
what is known as the hydrogenation process, 
the invention of a German chemist, Dr. Bergius. 


In 1927 a British firm determined to see what 
could be done in obtaining petrol from coal by 
this process, a venture in which the Government 
was greatly interested. A small pilot plant 
capable of treating ten tons of coal a day was 
laid down at Billingham, in Durham, where in 
1933 a iUn-size commercial plant was built, 

TiatRIFIC PRESSURE REQUIRED 

■Die art of hydrogenation consists of choosing 
the correct conditions of temperature, pressure 
and the time of reaction to yield just the right 
type of spirit. Briefly, the process consists of 
passing hydrogen through a mixture of finely 
ground coal and oil, the reaction taking place 
under tremendous pressure in the presence of 
a catalyst, a substance which causes a chemical 
change but itself remains unaltered. 

The capacity of the plant at Billingham is 
one hundred thousand tons of petrol a year, 
to produce which five hundred thousand tons 
of coal are needed. The pressure required is 
nearly four thousand pounds a square inch. 



SPLITTING UP A DROP OF OIL 

Two engineers in the plant of the General Electric Company^ of Schenectady, New York, going through the 
procedure involved in disintegrating a drop of oil into one hundred million particles. 
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